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(54) Battery pack and power tool 

(57) A battery pack having a plurality of battery cells 
1 stored side by side in a case 2. The case, in particular, 
includes a bottomed trough and a lid, the trough having 
a space as a cell storage portion def ined between inner 
wall portions 21 and outer waD portions 22 paired to 
form a loop and a space as a hollow 6 surrounded by 
the inner wall portion and penetrating the trough from 
top to bottom, the lid dosing a top opening of the celt 
storage portion. The battery cells are arranged in a loop 
along the inner and outer wall portions, whereby a rise 
and variation in their temperature can be restrained. 



FIG. l 
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Description 

BACKGROUND OF THE INVENTION 

He|d pf the Invention 

[0001] The present Invention relates to a battery 
pack including a plurality of battery ceils stored in a 
case, and more specifically, to a battery pack capable of 
restraining a rise and variation in temperature of battery 
cells, thereby ensuring steady charging and reliable cell 
performance. 

Description of the Prior Art 

[0002] Nickel-metal hydride secondary battery cells 
are used as power sources for modern electro-vehicles, 
power-assisted bicycles, power tools, etc. Convention- 
ally, the cells of this type are provided in the form of a 
battery pack in which a plurality of battery cells that are 
connected in series or parallel with one another are 
stored in a case that is formed of polycarbonate or ABS 
resin, for example. 

[0003] In order to enjoy a compact general configu- 
ration, the conventional battery pack is designed so that 
the battery cells are stored most closely in contact with 
one another in a case, whereby the capacity efficiency 
is improved. In the case of columnar cells, twelve bat- 
tery cells 1 are arranged alternately in three rows with 
their respective peripheral surfaces in contact with one 
another so as to minimize the storage capacity for them, 
and are stored in a rectangular case 2, as shown in FIG. 
19, for example. 

[0004] In the battery pack of this conventional con- 
struction, variation in temperature is easily caused 
between the battery cells 1 that are arranged along the 
wall surface of the case 2 and the ones that are located 
in the central portion. Although heat generated in the 
cells 1 that are arranged along the case wall surface can 
be readily released through the wall surface, heat pro- 
duced in the central cells is Gable to be accumulated 
therein. The variation in the cell temperature causes 
dispersion in the properties (capacities, in particular) of 
the individual battery cells 1. If the battery pack is used 
with the battery cells 1 subject to the dispersion In prop- 
erties, the respective capacities of the cells 1 are grad- 
ually exhausted, the smallest one first The exhausted 
battery cells 1 may undergo some troubles, such as 
pole reversal, increase in internal resistance attributable 
to dissipation of the electrolyte solution, etc. The dissi- 
pation of the electrolyte solution is attributed solely to 
gas discharge from a relief valve that occurs as the 
internal pressure of the battery cells 1 increases. In con- 
sequence, troubles may be caused including lowering of 
the cell properties, failure of recharge, eta. Thus, the 
battery pack is lowered in performance, and its life is 
shortened. 

[0005] In the case where the battery cells 1 are 



nickel-metal hydride secondary battery ceils, they gen- 
erate great heat as they are charged. The battery cells 
1 generate particularly intensive heat when they are 
charged with high current in a short period of time. Fur- 

5 ther, the charging efficiency and cell capacity of the 
nickel-metal hydride secondary battery cells lower as 
the cell temperature increases. As the cell temperature 
rises, moreover, a hydrogen-storing alloy that forms a 
negative electrode easily corrodes in the electrolyte 

70 solution, so that its hydrogen occluding/releasing 
capacity lowers. It is essential, therefore, to prevent the 
rise in temperature of the battery cells (nickel-metal 
hydride secondary battery ceils) 1 in the case 2, espe- 
cially when the cells are charged. 

is [0006] Since the power tool are handled roughly, in 
general, the battery pack that is used as its power 
source is expected to be structurally resistant to exter- 
nal impact such as drop impact. 

20 SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to pro- 
vide a battery pack capable of preventing or restraining 
a rise and variation in temperature of battery cells 

25 stored in a case, thus fulfilling its cell performance. 
[0008] Another object of the invention is to provide a 
battery pack capable of being safely charged in a man- 
ner such that a rise in temperature of cells is effectively 
restrained during the charge. 

30 [0009] Still another object of the invention is to pro- 
vide a power tool capable of effectively cooling a battery 
pack. 

[0010] According to the present invention, there is 
provided a battery pack having a plurality of battery cells 

ss stored side by side in a case, the case including a bot- 
tomed trough and a lid, the trough having a space as a 
cell storage portion defined between inner and outer 
wall portions paired to form a loop and a central space 
as a hollow surrounded by the inner wall portion and 

40 penetrating the trough from top to bottom, the lid closing 
a top opening of the cell storage portion. Heat gener- 
ated in the battery cells is released through the hollow 
from the inner wall portion the trough as well as from the 
outer wall portion. Thus, the rise and variation in tem- 

45 perature of the battery cells can be restrained. 

[001 1] Preferably, the trough is designed so that the 
pillar-shaped battery cells stored in the cell storage por- 
tion are arranged side by side in a loop with their 
respective outer peripheral surfaces in contact with one 

so another, so that heat in the battery cells can be released 
through the outer and inner wall portions. Heat genera- 
tion during charge can be effectively restrained even in 
the case where a nickel-metal hydride secondary bat- 
tery cell is used as each battery cell. 

ss [001 2] The battery pack according to the invention 
may further comprise a terminal block overlying the bat- 
tery cells stored in the cell storage portion of the trough 
and having electrode leads of the group of battery cells 
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led out therefrom, and may be designed so that the fid 
has apertures in those regions thereof which face the 
electrode leads, through which the electrode leads are 
ex po s e d for external connection. 
[0013] Preferably, electrode leads of the terminal 6 
block are arranged in a region opposite the hollow. The 
apertures through which the electrode leads are 
exposed tor external connection are arranged along the 
Inner peripheral portion of the lid opposite the hollow. 
[0014] In particular, the terminal block is provided w 
with a pair of electrode lead terminals, positive and neg- 
ative, connected individually to the electrode leads of 
the cell group and one or a plurality of auxiliary termi- 
nals for the cell group. 

[0015] The auxiliary terminals are used when the is 
cell group is charged. More specifically, they include a 
terminal for charging connected in series with the cell 
group through temperature protection elements tor cut- 
ting off a charging path for the cell group in response to 
the temperature of the cells, a terminal tor temperature 20 
detection connected to a temperature transducer for 
detecting the cell temperature, and a terminal for cell 
type identification connected to a resistor having a 
resistance value corresponding to the specifications of 
the cells. 25 
[0016] The temperature protection elements are 
provided individually in a plurality of spots in the direc- 
tion of arrangement of the battery cells stored in a loop 
in the cell storage portion of the trough. They are inter- 
posed in series between the cell group and the charging 30 
terminal. 

[0017] The inner wall portion of said trough is 
inclined outward from the base portion thereof to the top 
opening, whereby the sectional area of the top opening 
of the hollow surrounded by the inner wall portion is ss 
reduced gradually. By reducing the sectional area in this 
manner, a current of air circulating in the hoilow can be 
speeded up on the upper end side, whereby the cooling 
efficiency can be enhanced. In this case, the inner wall 
portion should be inclined at an angle of 0.5° to 5° to the 40 
vertical direction. Further, the inner and outer wall por- 
tions of the trough should only be as high as the cylindri- 
cal battery cells. 

[001 8] The battery pack constructed in this manner 
may be attached integrally to, e.g., the lower part of a 45 
handgrip portion of a power tool to be used as a power 
source thereof. It is to be desired that the cooling effi- 
ciency tor the cell group should be enhanced by circulat- 
ing air in the hoilow of the battery pack by utilizing the 
rotation of a motor. so 
[0019] According to the present invention, there 
may be provided a battery pack that can store a plurality 
of battery cells with structural stability and restrain a rise 
and variation in tenperature of the battery cede, thus 
fulfilling its cell performance. Further, the charging state ss 
of the battery cells, especially the cell temperature, can 
be observed as the charge of the battery ceils Is safely 
controlled. 



[0020] Since the battery cells can be kept stable, 
moreover, the resulting battery pack has a structure that 
is highly resistant to external mpact and the like, and 
the power tod is easy to handle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

FIQ. 1 is an exploded cutaway perspective view 

showing a fundamental configuration of a battery 

pack according to the present invention; 

FIQ. 2 is a plan view showing the way battery cells 

of the battery pack shown in FIG. 1 are stored in a 

trough; 

FIGL 3 is a plan view showing the way battery cells 
of another example of the battery pack of the inven- 
tion are stored in a trough; 
FIG. 4 Is a plan view showing the way battery cells 
of still another example of the battery pack of the 
invention are stored in a trough; 
FIG. 5 is a plan view showing the way battery cells 
of a further example of the battery pack of the 
invention are stored in a trough; 
FIG. 6 is an exploded perspective view showing 
another configuration of the battery pack of the 
invention; 

FIG. 7 is an exploded perspective view showing still 
another configuration of the battery pack of the 
invention; 

FIG. 8 is an exploded perspective view showing a 
further configuration of the battery pack of the 
invention; 

FIG. 9 is an exploded perspective view showing an 
outline of a battery pack according to a first embod- 
iment of the invention; 

FIG. 10 is a plan view of the battery pack shown in 
FIG. 9; 

FIG. 1 1 is a side view of the battery pack shown in 
FIG. 9; 

FIG. 1 2 is a sectional view of the battery pack taken 
along line A-A of FIG. 10; 

FIG. 1 3 is a sectional view of the battery pack taken 
along line B-B of FIG. 10; 

FIG. 1 4 is a diagram showing the electrical connec- 
tion of the battery pa* shown in FIG. 9; 
FIG. 15 is an exploded perspective view showing 
an outline of a battery pack according to a second 
embodiment of the invention; 
FIG. 16 is an exploded perspective view showing 
an outline of a battery pack according to a third 
embodiment of the invention; 
FIG. 1 7 is a view showing another configuration of 
the battery pack of the invention; 
FIG. 1 8 is a view showing still another configuration 
of the battery pack of the invention; and 
FIG. 19 is a plan view showing the way battery cells 
of a conventional battery pack are stored In a case. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] A fundamental configuration of a battery 
pack according to the present invention will first be 
described with reference to FIGS. 1 and 2. s 
[0023] FIG. 1 is an exploded cutaway perspective 
view showing an arrangement of a battery pack accord- 
ing to the present invention. FIG. 2 is a plan view illus- 
trating the way a plurality of battery cells 1 are stored in 
a case 2. TTie case 2 is formed of a bottomed trough in 
the shape of a substantially rectangular loop. The case 
2 has inner and outer wall portions 21 and 22 opposed 
to each other and a base portion 23 that connects the 
respective lower end portions of the wall portions 21 
and 22. The height of each wan portion of the case 2 is 
substantially equal to or a little greater than the height 
(axial length) of each columnar battery cell 1 . The width 
of the base portion 23 of the case 2 is substantially 
equal to the outside diameter of each battery cell 1 . The 
inside space of the bottomed trough forms a cell storage 
space in which a plurality of battery cells 1 (e.g., 12 
cells) are arranged in a looped line such that their 
respective peripheral surfaces are in contact with one 
another. A central space that is surrounded by the inner 
wall portion 21 of the trough (case 2) forms a hollow 6 
that vertically penetrates the trough. 
[0024] The battery ceils 1, in which electrodes are 
wired in a regular manner, are stored in the trough (case 
2). In this state, the peripheral surface of each battery 
cell 1 is in contact with the inner or outer wall portion 21 
or 22. or preferably, with both the wall portions 21 and 
22. More specifically, each of those battery cells 1 which 
are situated Individually at the four corners of the case 
(trough) 2 in the rectangular loop is in contact (at two 
points) with each corresponding two adjacent sides of 
the outer wall portion 22, as shown in FIG. 2. Each of 
the remaining battery cells 1 that are situated between 
the corner battery cells 1 is in contact (at two points) 
with the inner and outer wall portions 21 and 22. 
[0025] A top opening of the case 2 that is stored 
with the battery cells 1 or the top portion of the cell stor- 
age space is dosed by means of a lid 4 that has sub- 
stantially the same shape with the top opening. The 
battery ceils 1 are sealed between the case 2 and the lid 
4, whereupon a sealed battery pack is realized. Elec- 
trode leads of the battery pack are led out through the 
lid 4, for example. 

[0026] According to the battery pack in which the 
battery cells 1 are arranged in a line in the case 2, the 
cells 1 are in contact with both the inner and outer wall 
portions 21 and 22. If the battery cells 1 are heated dur- 
ing use (charge and discharge), therefore, heat in each 
cell 1 can be smoothly released through the inner and 
outer wall portions 21 and 22. In consequence, heat 
release from the battery cells 1 advances substantially 
equally, so that variation in the cell temperature can be 
restrained. Since heat in each ceil 1 is released through 
the Inner and outer wall portions 21 and 22, moreover, 



the heat release efficiency is high enough, and a rise in 
the cell temperature can be restrained effectively. Thus, 
according to the battery pack of the Invention, the bat- 
tery cells 1 can be made substantially equal in charging 
efficiency and therefore, in cell capacity, so that the life 
performance of the battery pack can be inproved. 
[0027] According to the present Invention, further- 
more, the sealed battery pack ensures a dustproof 
effect Even in the case where the battery pack is used 
as a power source for a power tod, therefore, metal cut- 
tings cannot get into the battery pack on the scene of 
labor, so that short-circuiting between the battery cells 1 
can be prevented securely. Further, some other compo- 
nents can be incorporated in the battery pack by utiliz- 
ing the hollow 6. 

[0028] Since the battery cells 1 in the battery pack 
generate substantial heat as they are charged, it is 
advisable compulsorfly to introduce air into the hollow 6 
to air-cool the inner wail portion 21 during the charge. 
Preferably, in this case, the inner wall portion 21 should 
be formed of a metallic material that has a high heat 
transfer coefficient Even in the case where the inner 
wan portion 21 is formed of a resin material, its heat 
release effect can be further improved if its surface is 
coated with a high-transfer paint 
[0029] In the example described above, the case 2 
has a substantially rectangular external appearance. 
Alternatively, however, the battery pack may be con- 
structed so that a plurality of battery cells 1 are stored in 
an annular case 2, as shown in FIG. 3. In this case also, 
a trough-shaped space surrounded by inner and outer 
wall portions 21 and 22 of the case 2 forms an annular 
cell storage space, and a central space surrounded by 
the inner wall portion 21 forms a hollow 6. The battery 
cells 1 are arranged in a line so that they are in contact 
with the inner and outer wall portions 21 and 22. The 
battery pack should be constructed in like manner in the 
case where the case 2 is elliptic. 
[0030] As shown in FIG. 4, moreover, an annular 
case 2 may be designed so that a plurality of battery 
cells 1 are arranged in a line along an Inner wall portion 
21 of the case 2 and additional battery cells 1 are 
arranged in another line along an outer wall portion 22 
of the case 2 outside the inner cells. Thus, it is neces- 
sary only that a plurality of battery cells 1 arranged in 
two annular lines never fail to be in contact with the inner 
or outer wall portion 21 or 22. 
[0031] In consideration of the fact that the inner wall 
portion 21 touches the external space in a smaller area 
than the outer wall portion 22, the surface of the inner 
wall portion 21 may be undulated so that it can be 
widely in contact with the respective peripheral portions 
of a plurality of battery cells 1 that are arranged in a 
loop, as shown in FIG. 5, for example. By doing this, the 
heat release effect of the inner wall portion 21 can be 
improved. The heat release effect can be freely 
adjusted by suitably designing the area of contact 
between the inner wall portion 21 and the peripheral 
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portion of each battery cell 1. The area of contact 
between the outer wall portion 22 and the peripheral 
portion of each battery cell 1 can be also adjusted by 
suitably shaping the surface of the inner waD portion 21. 
[0032] In the example described above, moreover, 
the height of the case (trough) 2 is substantially equal to 
that of each battery cell 1 . As shown In FIQ. 6, however, 
the case 2 may be made to be half as high as each tot- 
tery cell 1 , and a battery pack may be constructed using 
a lid (trough) 4 that has the same shape as the case 2. 
After the battery cells 1 are stored in the one trough 
(case 2), in this case, the two troughs (case 2 and lid 4) 
are butted against and bonded to each other to cover 
the cells 1. 

[0033] In the case where a base plate 7 is expected 
to be attached to the underside of the battery pack, an 
aperture (not shown) having the same shape as the hol- 
low 6 may be formed in the central portion of the base 
plate 7. As shown in FIQ. 7, however, a plurality of holes 
7a may be formed along the inside of an inner wall por- 
tion 21 of a case 2. It is to be understood, moreover, that 
a plurality of battery packs may be stacked In layers (two 
layers in FIQ. S) to form a battery pack assembly, as 
shown in FIG. 8. 

[0034] In order to confirm the effect of the battery 
pack constructed in this manner, the Inventors hereof 
manufactured an annular battery pack A shown in FIQ. 
5 by way of trial, using twelve nickel-metal hydride sec- 
ondary battery cells of the 4/5A size (nominal capacity: 
1,700 Ah) having a diameter of 17 mm and a height of 
43 mm as battery cells 1 . Polycarbonate resin was used 
for an annular case (trough) 2 that constitutes the bat- 
tery pack A. The outside diameter of the case 2 was 86 
mm, the diameter of a hollow 6 was 42 mm, and the 
respective thicknesses of outer and inner wall portions 
22 and 21 were 3 mm. The battery cells 1 were 
arranged in a line so that they were in contact with the 
inner wall portion 21. 

[0035] For comparison, a battery pack B of a con- 
ventional construction shown in FIG. 19 was manufac- 
tured by way of trial, using twelve battery cells 1 of the 
same type. This battery pack B includes a box-shaped 
case of polycarbonate resin, having a wall portion thick- 
ness of 3 mm, length of 52.4 mm, and width of 82.5 mm. 
[0036] These battery packs A and B were rapidly 
charged with a constant current of 4.5 A at an initial tem- 
perature (ambient temperature) of 27°C tor 20 minutes, 
and thereafter, supplementally charged with a constant 
current of 0.8 A for 15 minutes. Then, temperatures of 
each battery cell 1 reached on completion of the rapid 
charge and the supplementary charge were measured. 
Thereupon, the temperature of each battery cell 1 in the 
battery pack A reached on completion of the rapid 
charge increased from the initial temperature by about 
16°C, that is, to a substantially fixed temperature of 
about 44°C. The temperature of each cell 1 reached on 
completion of the supplementary charge was at a sub- 
stantially fixed temperature of 46°C. 



[0037] In c ontr ast with this, the temperature of each 
battery ceO 1 in the battery pack B of the conventional 
construction readied on completion of the rapid charge 
increased from the initial temperature within the range 
5 of 16 to 22°C, thus undergoing a variation of 43 to 49°C. 
The temperature of each battery cell 1 reached on com- 
pletion of the supplementary charge was also subject to 
a variation of 48 to 52°C. 

[0038] On the other hand, the battery packs A and 
10 B, charged in the aforesaid manner, were rapidly dis- 
charged by continuous pulse discharge of 10 A for 30 
seconds at a time with quiescent periods of 30 seconds, 
and the temperature of each battery cell 1 reached on 
completion of the rapid discharge was measured. 
is Thereupon, the temperature of each battery cell 1 in the 
battery pack A reached on completion of the rapid dis- 
charge was at a substantially fixed temperature of 48°C, 
while the temperature of each battery cell 1 in the bat- 
tery pack B reached on completion of the rapid dis- 
20 charge was subject to a substantial variation of 45 to 
51°C. 

[0039] Further, the battery packs A and B were 
charged with a constant current of 1 .7 A, and the com- 
pletion of charge was detected under -AV control. 

25 Thereafter, the cell fife performance was examined by a 
cycle life test in which forced discharge was carried out 
at 12 A in a cycle such that the termination voltage was 
at 9.6 V (0.8 V for each battery cell). In the -AV control, 
the completion of charge was confirmed when a voltage 

30 drop of 120 mV (10 mV for each battery cell) from the 
peak of the charging voltage of the battery packs A and 
B was detected after the peak voltage was reached. 
According to this cycle life test, the cell performance of 
the battery pack A was ensured at 500 cycles and 

ss below, while the cell performance of the battery pack B 
lowered at 350 cycles. 

[0040] According to the battery pack of the con- 
struction of the invention, as seen from these experi- 
mental results, the temperature rise of the battery cells 

40 1 was able to be restricted to a level below the initial 
temperature, and the variation in the cell temperature 
was able to be restrained effectively. According to this 
battery pack, moreover, the charging efficiency of the 
battery cells 1 was high enough, and the temperature of 

46 the cells 1 was subject to no variation. Thus, the proper- 
ties of each battery cell 1 (cell performance) ran be 
securely bought out to ensure higher life performance. 
[0041] The following is a description of a specific 
embodiment of the battery pack according to the 

so present invention. In this battery pack, twelve columnar 
nickel-metal hydride secondary battery cells (battery 
cells 1) are connected in series with one another and 
stored in a case 2. 

[0042] FIG. 9 is an exploded perspective view 
55 showing an outline of the battery pack according to this 
embocfiment In FIQ. 9, numerals 1 and 2 denote, 
respectively, the twelve columnar nickel-metal hydride 
secondary battery ceOs for use as battery rails and the 
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case in which the celts 1 are arranged side by side. 
Numeral 3 denotes a terminal block that overlies the 
cells 1 , and 4 denotes a Gd for dosing the tap opening of 
the case 2. 

[0043] FIG. 1 0 is a plan view showing the top struc- 
ture of the battery pack shown in FIG. 9, and HG. 11 is 
a side view of the battery pack. FIG. 12 Is a sectional 
view taken along line A-A of FIG 10, and FIG. 13 is a 
sectional view taken along line B-B of FIG. 10. 
[0044] The case 2 is formed by injection-molding 
polycarbonate or ABS resin, for example. The case 2 
includes inner and outer wall portions 21 and 22 that are 
formed by connecting the respective opposite end por- 
tions of a pair of parallel portions by means of curved 
portions, thereby making an oval loop. The wall portions 
21 and 22 are connected to each other by means of a 
base portion 23, thus forming a bottomed trough having 
a cell storage space in the shape of a corridor. The 
inside portion of the trough that forms the corridor- 
shaped storage space, that is, the central portion of the 
case 2 that is surrounded by the inner wall portion 21 , 
forms a hollow 6 that penetrates the trough from top to 
bottom. 

[0045] The height of the inner and outer wall por- 
tions 21 and 22 that define the cell storage space or the 
depth of the trough that forms the storage space is a lit- 
tle greater than the height (length) of each columnar 
battery cell 1 . The width of the base portion 23 is a little 
greater than the diameter of each battery cell 1. The 
respective upper end portions of the wail portions 21 
and 22 are inclined outward at an angle of about 0.5° to 
5° 60 that the wail portions can be easily released from 
molds for injection molding. As the inner wall portion 21 
is inclined in this manner, moreover, the sectional area 
of the hollow 6, which is surrounded by the inner wall 
portion 21 , is gradually reduced upward. Each columnar 
battery cell 1, which is of the 4/5A size, has a diameter 
of 17 mm and a height of 43 mm, for example. 
[0046] Twelve battery cells 1 are stored side by side 
in a loop in the trough-shaped cell storage space of the 
case 2 so that their respective peripheral surfaces are in 
contact with one another. More specifically, five battery 
cells 1 are arranged side by side in the longitudinal 
direction in each of two rows, and one battery cell 1 is 
located at each end portion between the two rows in a 
manner such that it is somewhat outwardly eccentric. 
Thus, the battery cells 1 , twelve in total, are arranged in 
an oval loop. 

[0047] A notch 24 for a stopper 5 (mentioned later) 
is formed in each of two longitudinal sides of the outer 
wall portion 22. Inside the trough-shaped cell storage 
space, four screw bosses 25 are arranged along the 
outer wall portion 22. The bosses 25 are formed by uti- 
lizing spaces beside the columnar battery cells 1 that 
are stored in the storage space with their respective 
peripheral surfaces in contact with one another. The 
bosses 25 are located lest they hinder the storage of the 
battery cells 1 . The bosses 25 rather restrict the respec- 



tive storage positions of the cells 1 , thereby preventing 
the ceils 1 from becoming shaky. 
[0048] A flange 26 is provided on the upper end 
portion of the inner wall portion 21 so as to extend out- 

5 ward from the trough-shaped cell storage space. In 
other words, the flange 26 projects toward the hollow 
that is formed in the central portion of the case 2. The 
flange 26 serves to support the terminal block 3 on its 
top portion and support the central portion of the Gd 4 

io from below by being fitted therein, as mentioned later. 
[0049] On the other hand, the battery cells 1 that 
are stored in the trough-shaped cell storage space of 
the case 2 are arranged in a loop along the storage 
space, as mentioned before. The battery cells 1 are 

75 connected in series by means of leads (not shown). The 
upper end portion of the looped row of the battery cells 
1 is covered by a cover member 1 1 that is formed of an 
insulating material, for example, whereby the configura- 
tion of the row is kept stable. 

20 [0050] The terminal block 3 that overlies the battery 
cell row is a substantially U-shaped block of an insulat- 
ing material. A pair of electrode lead terminals 31 and 
32, positive and negative, are provided individually in 
the opposite side portions of the terminal block 3 in the 

25 longitudinal direction of the row of battery cells that are 
arranged in a loop. Further, three auxiliary terminals 33, 
34 and 35 are provided in a curved side portion that 
extends in the crosswise direction and connects the 
opposite side portions. Electrode leads of a set battery 

so that is composed of a plurality of series-connected bat- 
tery cells 1 are connected to the positive and negative 
electrode lead terminals 31 and 32, individually. The 
three auxiliary terminals 33, 34 and 35, which are used 
to charge the battery cells 1 , are connected individually 

35 to electrode leads of the set battery through resistors 
incorporated in the terminal block 3 and thermistors and 
thermostats in the respective peripheral surfaces of the 
looped battery cells 1. The respective functions of the 
auxiliary terminals 33, 34 and 35 will be described later 

40 with reference to FIG. 14. 

[0051] The lid 4 that closes the top opening of the 
case 2 is located covering the battery cell row in the 
case 2 and the terminal block 3 overlying the same. The 
lid 4 includes a substantially flat body portion 41, 

45 adapted to be fitted on the respective upper end por- 
tions of the inner and outer wall portions 21 and 22 of 
the case 2, and a projection 42 formed by partially rais- 
ing that region of the body portion 41 which faces the 
terminal block 3. A storage space for the terminal block 

so 3 is formed on the back side of the projection 42. A side 
wall portion of the projection 42 is provided with five rec- 
tangular apertures 43 (43a, 43b, 43c, 43d and 43 e) 
through which the electrode lead terminals 31 and 32 
and the three auxiliary terminals 33, 34 and 35 are 

ss exposed for external connection. Beside the projection 
42, an aperture 44 for communication with the hollow of 
the case 2 is formed in the central portion of the body 
portion 41 . Further, pendent wads 45 are formed Individ- 
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uaOy on two longitudinal side portions of the body por- 
tion 41 . The walls 45, in cooperation with the notches 24 
in the outer wall portion 22 of the case 2, define sub- 
stantially rectangular apertures for the stoppers 5. More 
specifically, the pendent walls 45 are fitted individually in 
the respective upper parts of the notches 24, thereby 
forming the apertures, when the Gd 4 is put on the tap 
opening of the case 2. 

[0052] Screws 49 are used to fix the lid 4 to the 
case 2 that stores the battery cells 1 . The screws 49 are 
passed individually through holes 47 in the body portion 
41 from above the lid 4 and fitted individually Into the 
respective top portions of their corresponding bosses 
25. If necessary, packing members (not shown) are 
interposed between the lid 4 and the respective upper 
end portions of the inner and outer wan portions 21 and 
22 of the case 2, whereby the cell storage space is her- 
metically dosed. 

[0053] The following is a description of the stoppers 
5 that are fitted in the apertures defined between the 
notches 24 network structure the pendent walls 45. 
Each stopper 5 is composed of a push portion 51 , in the 
form of a substantially rectangular projection, and an 
arm portion 52 that extends from a side portion of the 
push portion 51. The arm portion 52 has a hook 53 on 
its distal end. As shown in FIG. 1 3. each stopper 5 is fit- 
ted into its corresponding aperture from the back side 
60 that its hook 53 projects from each corresponding 
hook hole 46 in the lid 4. The stopper 5 is supported in 
a manner such that it is urged outward from the case 2 
by means of a plate spring 55 on the back side. When 
the stopper 5 is pushed by a finger or the like, it is 
depressed inward to cause the hook 53 to submerge in 
the hook hole 46. 

[0054] Each hook 53 can engage its corresponding 
engaging projection on an enclosure 70 of the power 
tool to which the battery pack is to be attached, thereby 
ensuring the attachment of the battery pack to the tool. 
Thus, the upper part or the lid 4 of the battery pack 
serves as a mounting portion to be attached to the lower 
part of the enclosure 70 of the power tool. The battery 
pack can be attached at a stroke to the power tool in a 
manner such that each hook 53 in engagement with the 
engaging projection is elastically depressed inward. In 
detaching the battery pack, each push portion 51 is 
pushed in to force the hook 53 Inward. Thereupon, the 
hook 53 is disengaged from its corresponding engaging 
projection on the enclosure 70 of the power tool, so that 
the battery pack can be removed downward from the 
enclosure 70. 

[0055] On the other hand, the thermistors, resistors, 
and thermostats in the terminal block 3 serve to ensure 
the safety of the battery pack during the charge. FIG. 14 
shows an electrical configuration of the battery pack As 
shown in FIG. 14, the battery cells 1 are connected in 
series with one another, and the positive and negative 
electrode leads on the opposite ends are connected to 
the electrode lead terminals 31 and 32, respectively. 



The battery pack is connected to a load, such as an 
electric motor of the power tod, through the positive and 
negative electrode lead terminals 31 and 32. 
[0056] A thermistor 81 in the case 2 is a tempera- 

6 ture transducer that Is used to determine the surface 
temperature of the battery ceils 1. The thermistor 81 is 
interposed between the auxiliary terminal (Th) 33 and 
the electrode lead terminal 32. While the battery pack is 
being charged, the resistance value of the thermistor 81 

io is monitored to observe the temperature of the battery 
cells 1. The thermistor 81 is pasted on the peripheral 
surface of a predetermined one of the battery cells 1 . 
[Q057] A resistor 82, which is interposed between 
the auxiliary terminal (ID) 34 and the electrode lead ter- 

15 mi rial 32, has a resistance value corresponding to the 
specifications of the battery pack. By determining the 
resistance value of the resistor 82, the number of 
series-connected battery cells 1, their current capacity, 
etc. can be obtained as ID information. Overcharge and 

20 the like can be prevented by controlling the charge of 
the battery pack according to the ID information. Thus, 
despite the uniform external appearance, the battery 
pack sometimes may vary in internal configuration, 
including the number of battery cells 1 therein. The bat- 

25 tery pack is charged in optimum conditions based on 
electrical specifications that are obtained from the ID 
information. 

[0058] Further, the auxiliary terminal 35, which can 
be used in place of the electrode lead terminal 32 during 

so the charge of the battery pack, is charged in a manner 
such that charging current is supplied between the elec- 
trode lead terminal 31 and the auxiliary terminal 35. 
Temperature protection elements or two thermostats 83 
and 84 are interposed in series between the auxiliary 

as terminal 35 and the negative side (electrode lead termi- 
nal 32) of the battery cells 1 . The thermostats 83 and 84 
enable the battery pack to cut off its own charging path 
in response to the cell temperature. The thermostats 83 
and 84 are pasted individually on the respective periph- 

40 eral surfaces of those battery cells 1 which constitute 
the two curved side portions, in the direction of arrange- 
ment of the looped battery cells 1. The thermostats 83 
and 84 are actuated to cut off the charging path if the 
temperature of any of the looped battery cells 1 rises. 

4S [Q059] A charger that is connected to the terminal 
block 3 and serves to charge the battery pack observes 
the charging state of the battery cells 1 (battery pack) 
through the auxiliary terminals 33, 34 and 35 as it con- 
trols the charging current, charging time, etc. Thus, the 

so charger can efficiently charge the battery pack with sta- 
bility, in case the ceO temperature rises despite the 
charge control for the battery pack, the thermostats 83 
and 84 can protect the battery cells 1 (battery pack) by 
cutting off the charging path of the battery pack. 

55 [0060] Thus, according to the battery pack con- 
structed in this manner, the battery cells 1 are arranged 
side by side in a loop between the inner and outer wall 
portions 21 and 22 of the battery cefl 1 in the form of a 
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looped corridor, so that heat produced in each battery 
ceil 1 can be eff iciently discharged through the wall por- 
tions 21 and 22. Since the outside of the inner wall por- 
tion 21 in the central portion of the case 2 forms a 
hollow that vertically penetrates the rase 2, moreover, 
heat from the battery cells 1 can be discharged very 
effectively through the hollow. Since the sectional area 
of the hollow is gradually reduced toward the upper end, 
in particular, the moving speed of air that is introduced 
through the lower part of the hollow and ascends is 
higher on the upper end side, so that the cooling effi- 
ciency can be improved. 

[0061] Since the battery cells 1 are arranged in a 
loop, furthermore, the heat release effect for the battery 
cells 1, compared with battery cells of a conventional 
array configuration, can be substantially equalized. 
Accordingly, the temperature rise of the battery cells 1 
can be effectively prevented to restrain variation in the 
cell temperature. Thus, the performance of each battery 
cell 1 can be fulfilled to improve the cell performance for 
the battery pack 

[0062] Further, the terminal block 3 overlies the bat- 
tery cell 1 that are stored in a loop in the case 2, and the 
electrode leads are led out through the terminal block 3, 
so that the electrode leads can be equalized in length. 
Each electrode lead can be shortened as the terminal 
block 3 is located over each end portion of a set battery 
that includes series^connected battery cells 1. Thus, a 
loss in resistance that is caused by the electrode leads 
can be minimized. It the electrode leads are arranged 
along the inner wall portion 21 , moreover, they can be 
effectively protected against external impact or the like 
that acts on the case 2, so that the mechanical or struc- 
tural stability of the battery pack can be Hilly enhanced. 
[0063] As mentioned before, moreover, the battery 
pack is provided with the auxiliary terminals 33, 34 and 
35 that are connected to one another through the ther- 
mostats 83 and 84, as well as the thermistor 81 and the 
resistor 82. Accordingly, the specifications of the battery 
pack can be identified according to the auxiliary termi- 
nals 33, 34 and 35 and the cell temperature can be 
observed as the charged of the battery pack is control- 
led. Thus, the battery pack can be safely charged with- 
out entailing an increase in the battery temperature. If 
the charge control is delayed when the cell temperature 
increases, either of the thermostats 83 and 84 that are 
located along the looped battery cells 1 can cut off the 
charging path in response to the cell temperature. Thus, 
double safe measures can be taken for the charge. 
[0064] The battery pack with the aforesaid con- 
struction is designed so that the fid 4 can be attached to 
the enclosure 70 of the power tool or the Eke. and the 
case 2 is mounted on the enclosure 70 with the lid 4 
between them. Therefore, the fid 4 cannot be removed 
from the case 2 unless the battery pack Is disengaged 
from the enclosure 70. Thus, there is no possibility of 
the lid 4 unexpectedly slipping off during the operation 
of the power tool. 



[0065] Further, the projection 42 of the lid 4, which 
projects forming the storage space for the terminal block 
3 on the back side, is attached to the enclosure 70 so as 
to be covered thereby. In its operating state, therefore, 

5 the battery pack has an external appearance that is free 
from any projections. If the outer peripheral surface of 
the case 2 or the corner portions of the outer wall por- 
tion 22 and the boundaries between the outer wall por- 
tion 22 and the base portion 23, in particular, are 

w curved, the battery pack can enjoy a smooth entire 
shape without regard to the presence of the projection 
42 on the Gd 4. Thus, the handleabifity of the battery 
pack can be improved. 

[0066] The projection 42 need not be very high only 

is if it can hold the terminal block 3 on its back side and 
allows the electrode lead terminals 31 and 32 and the 
auxiliary terminals 33, 34 and 35 to be exposed for 
external connection through its side wall surface. 
Accordingly, the height of the projection 42 of the lid 4 

20 can be restricted with ease, so that the entire structure 
can be made compact Further, the resulting structure 
can be highly resistant to external impact 
[0067] The power tool furnished with the battery 
pack constructed in this manner may be designed so 

2s that a built-in fan is driven to cause air to flow into its 
motor through the hollow of the case by utilizing the 
rotatory force of the motor. According to this arrange- 
ment, the motor of the power tool can be cooled in a 
manner such that the battery pack itself is cooled by 

30 means of the current of air. Thus, the cooling effect can 
be improved. Since the case 2 itself has a round exter- 
nal shape as a whole, moreover, its corner portions can- 
not easily catch clothes or the like during operation 
using the power tool. Since the case 2 has no angled 

as portions, moreover, it can enjoy a solid structure that is 
subject to only minor local stress concentration if it is 
dropped. 

[0068] If the inner and outer wall portions 2 1 and 22 
of the case 2 are tapered so that the case 2 widens 

40 toward its top opening, as shown in FIGS. 12 and 13, for 
example, the case 2 can be easily released from molds 
during injection molding operation. The necessary taper 
angle ranges from about 0.5° to 5°. The tapered struc- 
ture facilitates the storage of the battery cells 1 if the 

45 depth of the trough is equal to the height of each battery 
cell 1 . Since the respective positions of the battery cells 
1 in the trough are regulated by means of bosses 25 or 
the like, moreover, the cells 1 can be effectively 
restrained from becoming shaky. Thus, the storage of 

so the battery cells 1 can be kept steady despite the use of 
the 6imple structure, and the resulting battery pack 
enjoys good strength. 

[0069] As shown in FIG. 15, electrodes of a battery 
pack may be directed toward a hollow 6. More specrfi- 
55 cally, a pair of electrode lead terminals 31 and 32, posi- 
tive and negative, are provided on the inside of the 
opposite side portions of a terminal block 3 in the form 
of a substantially U-shaped block, and three auxiliary 
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terminals 33, 34 and 35 are provided in a curved inside 
portion that extends in the crosswise direction and con- 
nects the opposite side portions. The electrode lead ter- 
minals 31 and 32 and the auxiliary terminals 33, 34 and 
35 are exposed to the hollow 6 through their corre- 6 
spending apertures 43 (43a, 43b, 43c, 43d and 43e) 
that are arranged along the Inner peripheral portion or 
the opening edge portion of a Dd 4. 
[0070] With this construction in which the electrode 
lead terminals 31 and 32 and the three auxiliary termi- 10 
nals 33, 34 and 35 are directed inward or toward the 
hollow 6, external impact if any, on a projection 42 of 
the lid 4 never directly influences the terminals 31 to 35. 
Thus, the terminals 31 to 35 can be protected effec- 
tively. Besides, the terminals 31 to 35 face the inside of is 
the case 2. If a metallic tool or the like touches the bat- 
tery pack, therefore, it never comes directly into contact 
with any of the terminals 31 to 35. In other words, no for- 
eign matter (tool or the like) can touch any of the termi- 
nals 31 to 35 unless the tool or the like is intendediy 20 
inserted into the hollow 6. Thus, the terminals 31 to 35 
can be protected effectively and prevented from under- 
going unexpected short-circuiting between them. 
[0071] As shown in FIG. 16, a case 2 may be 
formed having a substantially rectangular shape. As 25 
shown in FIG. 16, moreover, the top surface of a fid 4 
may be flattened so that a terminal block 3 can be 
located over the inside of a row of battery ceils. In this 
case, it is advisable to form a step portion 26a on a 
flange 26 that projects from the upper end portion of an so 
inner wall portion 21 toward a hollow 6 and use the step 
portion 26a to support the terminal block 3 in a position 
recessed from its top surface. 
[0072] Alternatively, a plurality of battery packs, 
each including a plurality of battery cells 1 arranged in a ss 
loop in a trough-shaped cell storage space defined 
between inner and outer wall portions 21 and 22, may 
be stored side by side in a case 2 to form a large-scale 
(large-capacity) battery pack In this case, the outer wall 
portion 22, which forms an outer wall of the case 2, is 40 
provided with a partition wall 27 for dividing the internal 
space of the case 2, as shown in FIG. 17, for example. 
Further, the inner wall portion 21, which is combined 
with the outer wall portion 22 and the partition wall 27, is 
located in each of spaces that are divided by the wall 45 
27. Looped spaces defined by the outer wall portion 22, 
partition wall 27, and inner wall portions 21 are used as 
trough-shaped cell storage spaces, while central 
spaces surrounded by the inner wail portions 21 serve 
as hollows 6a that are open from top to bottom. Thus, so 
two looped or trough-shaped cell storage spaces are 
formed side by side in the case 2. 
[0073] Ten battery ceils 1 are stored In a loop in 
each of the cell storage spaces with their respective 
peripheral surfaces in contact with one another. Prefer- ss 
ably, in this case, the contact area should be increased 
in a manner such that the battery cells 1 are in contact 
with the Inner wall portions 21 , outer wall portion 22, or 



partition wall 27 and that the curvature of each corner of 
the outer wan portion 22 is equal to that of each battery 
cell 1. As shown In FIG. 18, moreover, the respective 
inner surfaces of the inner wall portions 21 should pref- 
erably be undulated so that they can be widely in plane 
contact with the respective outer peripheral surfaces of 
the battery ceDs 1. Preferably, furthermore, the partition 
wall 27 should be designed so that two partition wall 
plates 27a, for example, are arranged with a given gap 
27b between them such that heat transfer can be pre- 
vented between the battery cells 1 that adjoin one 
another across the partition wall 27. 
[0074] With this arrangement even those battery 
cells 1 which are arranged in the central portion of the 
case 2 at a distance from the outer wall portion 22 never 
faO to come into contact with one of the two inner wall 
portions 21 , and heat can be released through the hol- 
lows 6a that are surrounded by the inner wall portions 
21. Thus, the temperature of the ceils 1 can be effec- 
tively restrained from rising. Even in the case where a 
large number of battery cells 1 are stored in the one 
case 2, this arrangement can effectively restrain the 
temperature rise of the cells 1 without increasing the 
external dimensions of the case 2. Since the partition 
wall 27 supports the outer wall portion 22 from the 
inside, moreover, it also serves to enhance the mechan- 
ical strength of the case 2. 

[0075] In the examples shown in FIGS. 17 and 18, 
the internal space of the case 2 is divided in two by 
using the partition wail 27. Alternatively, however, the 
internal space of the case 2 may be divided in four by 
means of two partition wails 27 that cross each other. In 
this case, the inner wall portion 21 is formed to define a 
looped cell storage space for each divisional space. 
Further, a plurality of cases 2 of this construction may 
be vertically stacked in layers with their respective hol- 
lows 6 in alignment so that a battery pack with a larger 
capacity can be obtained. The battery pack of this 
capacity can be utilized as a backup power source for 
various electronic apparatuses. 
[0076] The present invention is not limited to the 
embodiments described above. For example, the type 
and nunfcer of battery cells 1 to be stored in the case 2 
should only be settled depending on the necessary 
specifications of the battery pack. It is to be understood, 
moreover, that a battery pack with an increased current 
capacity may be obtained by suitably connecting a plu- 
rality of battery cells 1 in parallel with one another. Fur- 
ther, more temperature protection elements 
(thermostats) may be arranged along looped battery 
ceils 1 . The number of loops formed in the case is not 
particularly limited either. F ur the r more, various 
changes and modifications may be effected in the inven- 
tion by one skilled in the art without departing from the 
scope or spirit of the invention. 
[0077] Where technical features mentioned in any 
claim are followed by reference signs, those reference 
signs have been Included for the sole purpose of 
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increasing the intelligibffity of the claims and accord- 
ingly, such reference signs do not have any Smiting 
effect on the scope of each element identified by way of 
example by such reference signs. 

5 

Claims 

1. A battery pack having a plurality of battery ceils 1 
stored In a case 2, 

said case including a bottomed trough and a 10 
lid 4, the trough having a space as a cell storage 
portion defined between Inner wall portions 21 and 
outer wall portions 22 paired to form a loop and a 
central space as a hollow 6 surrounded by the inner 
wall portion and penetrating the trough from top to 75 
bottom, the lid 4 closing a top opening of the cell 
storage portion. 

2. The battery pack according to claim 1 , wherein said 
trough is designed so that the pillar-shaped battery zo 
cells 1 stored in the cell storage portion are 
arranged side by side in a loop with the respective 
outer peripheral surfaces thereof in contact with 
one another 

25 

3. The battery pack according to claim 1 or 2, wherein 
each said battery cell 1 is a nickel-metal hydride 
secondary battery cell. 

4. The battery pack according to claim 1 , which further so 
comprises a terminal block 3 overlying the battery 
cells 1 stored in the cell storage portion of the 
trough and having electrode leads 31 to 35 of the 
group of battery cells 1 led out therefrom, and 
wherein said lid 4 has apertures 43a to 43e in those as 
regions thereof which face the electrode leads, 
through which the electrode leads are exposed for 
external connection. 

5. The battery pack according to claim 4, wherein said 40 
terminal block 3 has electrode leads 31 to 35 in a 
region opposite the hollow 6, and said apertures 
43a to 43e through which the electrode leads are 
exposed for external connection are arranged along 
the inner peripheral portion of the lid opposite the 4s 
hollow. 

6. The battery pack according to claim 4 or 5, wherein 
said terminal block 3 is provided with a pair of elec- 
trode lead terminals 31 and 32, positive and nega- so 
tive, connected individually to the electrode leads of 
the cell group and one or a plurality of auxiliary ter- 
minals 33,34 and 35 for the cell group. 

7. The battery pack according to claim 6, wherein said ss 
auxiliary terminals 33,34 and 35 are used when the 
cell group is charged and include a charging termi- 
nal 35 connected in series with the ceO group 



through temperature protection elements 83 and 84 
tor cutting off a charging path tor the cell group in 
response to the temperature of the cells, a tenper- 
ature detection terminal 33 connected to a temper- 
ature transducer for detecting the cell temperature, 
and a cell type identification terminal 34 connected 
to a resistor 82 having a resistance value corre- 
sponding to the specifications of the cells. 

8. The battery pack according to claim 7, wherein said 
temperature protection elements 83 and 84 are pro- 
vided individually in a plurality of spots in the direc- 
tion of arrangement of the battery ceils 1 stored in a 
loop in the cell storage portion of the trough and are 
interposed in series between the cell group and the 
charging terminal 35. 

9. The battery pack according to claim 1 , wherein the 
inner wall 21 portion of said trough is inclined out- 
ward from the base portion thereof to the top open- 
ing, whereby the sectional area of the top opening 
of the hollow 6 surrounded by the inner wall portion 
is reduced. 

1 a The battery pack according to claim 9, wherein said 
inner wall 21 portion is inclined at an angle of 0.5° 
to 5° to the vertical direction. 

11. The battery pack according to claim 1 , wherein the 
inner wall portions 21 and outer wall portions 22 of 
said trough are as high as the pillar-shaped battery 
cells. 

12. The battery pack according to claim 1, wherein a 
plurality of said inner wall portions 21 are formed 
defining a plurality of looped cell storage portions 
between the inner wall portions 21 and outer wall 
portions 22 and individually defining hollows 6 sur- 
rounded thereby. 

1& A power tool fitted with the battery pack according 
to any one of claims 1 to 11 as a power source 
thereof. 

14. The power tool according to claim 13, which com- 
prises a motor rotatable by means of the battery 
pack as the power source and a mechanism for cir- 
culating air in the hollow surrounded by the Inner 
wall portion of the trough by utilizing the rotation of 
the motor. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention * 

[0001] The present Invention relates to a battery pack 
including a plurality of battery ceils stored In a case, and 
more specifically, to a battery pack capable of restrain- 
ing a rise and variation in temperature of battery cells, 
thereby ensuring steady charging and reliable cell per- 
formance. 

Description of the Prior Art 

[0002] Nickel-metal hydride secondary battery cells 
are used as power sources for modem electro-vehicles, 
power-assisted bicycles, power tools, etc. Convention- 
ally, the cells of this type are provided in the form of a 
battery pack in which a plurality of battery cells that are 
connected in series or parallel with one another are 
stored in a case that is formed of polycarbonate or ABS 
resin, for example. 

[0003] I n order to enjoy a compact general configura- 
tion, the conventional battery pack is designed so that 
the battery cells are stored most closely in contact with 
one another in a case, whereby the capacity efficiency 
is improved. In the case of columnarcells, twelve battery 
cells 1 are arranged alternately in three rows with their 
respective peripheral surfaces in contact with one an- 
other so as to minimize the storage capacity for them, 
and are stored in a rectangular case 2, as shown in FIG. 
19, for example. 

[0004] In the battery pack of this conventional con- 
struction, variation in temperature is easily caused be- 
tween the battery cells 1 that are arranged along the wall 
surface of the case 2 and the ones that are located in 
the central portion. Although heat generated in the cells 
1 that are arranged along the case wall surface can be 
readily released through the wall surface, heat produced 
in the central cells is Gable to be accumulated therein. 
Trie variation in the ceil temperature causes dispersion 
in the properties (capacities, in particular) of the individ- 
ual battery cells 1. If the battery pack is used with the 
battery cells 1 subject to the dispersion in properties, 
the respective capacities of the cells 1 are gradually ex- 
hausted, the smallest one first. The exhausted battery 
cells 1 may undergo some troubles, such as pole revers- 
al, Increase in internal resistance attributable to dissipa- 
tion of the electrolyte solution, etc. The dissipation of the 
electrolyte solution is attributed solely to gas discharge 
from a relief valve that occurs as the internal pressure 
of the battery cells 1 increases. In consequence, trou- 
bles may be caused Including towering of the cell prop- 
erties, failure of recharge, etc. Thus, the battery pack is 
lowered in performance, and its life is shortened. 
[0005] In the case where the battery cells 1 are nickel- 
metal hydride secondary battery cells, they generate 



great heat as they are charged. The battery cells 1 gen- 
erate particularly intensive heat when they are charged 
with high current in a short period of time. Further, the 
charging efficiency and cell capacity of the nickel-metal 
hydride secondary battery cells lower as the cell tem- 
perature increases. As the cell temperature rises, more- 
over, a hydrogen-storing alloy that forms a negative 
electrode easily corrodes in the electrolyte solution, so 
that its hydrogen occluding/releasing capacity lowers. It 
is essential, therefore, to prevent the rise in temperature 
of the battery cells (nickel-metal hydride secondary bat- 
tery cells) 1 in the case 2, especially when the cells are 
charged. 

[0005] Since the power tool are handled roughly, in 
general, the battery pack that is used as its power 
source is expected to be structurally resistant to external 
Impact such as drop impact. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
a battery pack capable of preventing or restraining a rise 
and variation in temperature of battery cells stored in a 
case, thus fulfilling its cell performance. 
[0008] Another object of the invention is to provide a 
battery pack capable of being safely charged in a man- 
ner such that a rise in temperature of cells is effectively 
restrained during the charge. 

[0009] Still another object of the invention is to provide 
a power tool capable of effectively cooling a battery 
pack. 

[0010] According to the present invention, there is 
provided a battery pack having a plurality of battery cells 
stored side by side in a case, the case including a bot- 
tomed trough and a lid, the trough having a space as a 
cell storage portion defined between inner and outer 
wall portions paired to form a loop and a central space 
as a hollow surrounded by the inner wall portion and 
penetrating the trough from top to bottom, the lid closing 
a top opening of the cell storage portion. Heat generated 
in the battery cells is released through the hollow from 
the inner wall portion the trough as well as from the outer 
wall portion. Thus, the rise and variation in temperature 
of the battery cells can be restrained. 
[0011] Preferably, the trough is designed so that the 
pillar-shaped battery cells stored in the cell storage por- 
tion are arranged side by side in a loop with their respec- 
tive outer peripheral surfaces In contact with one anoth- 
er, so that heat in the battery cells can be released 
through the outer and inner wall portions. Heat genera- 
tion during charge can be effectively restrained even in 
the case where a nickel-metal hydride secondary bat- 
tery cell is used as each battery ceil. 
[0012] The battery pack according to the invention 
may further comprise a terminal block overlying the bat- 
tery cells stored in the cell storage portion of the trough 
and having electrode leads of the group of battery cells 
led out therefrom, and may be designed so that the lid 
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has apertures in those regions thereof which face the 
electrode leads, through which the electrode leads are 
exposed for external connection. 
[0013] Preferably; electrode leads of the terminal 
block are arranged in a region opposite the hollow. The 
apertures through which the electrode leads are ex- 
posed for external connection are arranged along the 
inner peripheral portion of the lid opposite the hollow. 
[001 4] In particular, the terminal block is provided with 
a pair of electrode lead terminals, positive and negative, 
connected individually to the electrode leads of the cell 
group and one or a plurality of auxiliary terminals lor the 
cell group. 

[001 5] The auxiliary terminals are used wtien the cell 
group is charged. More specifically, they include a ter- 
minal for charging connected in series with the cell 
group through temperature protection elements tor cut- 
ting off a charging path for the oell group In response to 
the temperature of the cells, a terminal for temperature 
detection connected to a temperature transducer for de- 
tecting the oell temperature, and a terminal for cell type 
Identification connected to a resistor having a resistance 
value corresponding to the specifications of the cells. 
[0016] The temperature protection elements are pro- 
vided individually in a plurality of spots in the direction 
of arrangement of the battery cells stored in a loop in 
the cell storage portion of the trough. They are inter- 
posed in series between the cell group and the charging 
terminal. 

[001 7] The inner wall portion of said trough is inclined 
outward from the base portion thereof to the top open- 
ing, whereby the sectional area of the top opening of the 
hollow surrounded by the Inner wall portion is reduced 
gradually. By reducing the sectional area in this manner, 
a current of air circulating in the hollow can be speeded 
up on the upperend side, whereby the cooling efficiency 
can be enhanced. In this case, the inner wall portion 
should be inclined at an angle of 0.5° to 5° to the vertical 
direction. Further, the inner and outer wall portions of 
the trough should only be as high as the cylindrical bat- 
tery cells. 

[0018] The battery pack constructed in this manner 
may be attached integrally to, e.g., the lower part of a 
handgrip portion of a power tool to be used as a power 
source thereof. It is to be desired that the cooling effi- 
ciency for the oell group should be enhanced by circu- 
lating air in the hollow of the battery pack by utilizing the 
notation of a motor. 

[0019] According to the present invention, there may 
be provided a battery pack that can stone a plurality of 
battery cells with structural stability and restrain 8 rise 
and variation in temperature of the battery cells, thus 
fulfilling its cell performance. Further, the charging state 
of the battery cells, especially the cell temperature, can 
be observed as the charge of the battery cells is safely 
controlled. 

[0020] Since the battery ceils can be kept stable, 
moreover, the resulting battery pack has a structure that 



is highly resistant to external impact and the like, and 
the power tod is easy to handle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

FIG. 1 is an exploded cutaway perspective view 

showing a fundamental configuration of a battery 

pack according to the present invention; 

FIG. 2 is a plan view showing the way battery cells 

of the battery pack shown in FIG. 1 are stored in a 

trough; 

FIG. 3 is a plan view showing the way battery cells 
of another example of the battery pack of the inven- 
tion are stored in a trough; 
FIG. 4 is a plan view showing the way battery cells 
of still another example of the battery pack of the 
invention are stored in a trough; 
FIG. 5 is a plan view showing the way battery ceils 
of a further example of the battery pack of the in- 
vention are stored in a trough; 
FIG. 6 is an exploded perspective view showing an- 
other configuration of the battery pack of the inven- 
tion; 

FIG. 7 is an exploded perspective view showing still 
another configuration of the battery pack of the in- 
vention; 

FIG. 8 is an exploded perspective view showing a 
further configuration of the battery pack of the in- 
vention; 

FIG. 9 is an exploded perspective view showing an 
outline of a battery pack according to a first embod- 
iment of the invention; 

FIG. 10 is a plan view of the battery pack shown in 
FIG. 9; 

FIG. 11 is a side view of the battery pack shown in 
FIG. 9; 

FIG. 1 2 is a sectional view of the battery pack taken 
along line A-A of FIG. 10; 
FIG. 1 3 is a sectional view of the battery pack taken 
along line B-B of FIG. 10; 
FIG. 14 is a diagram showing the electrical connec- 
tion of the battery pack shown in FIG. 9; 
FIG. 15 is an exploded perspective view showing 
an outline of a battery pack according to a second 
embodiment of the invention; 
FIG. 16 Is an exploded perspective view showing 
an outline of a battery pack according to a third em- 
bodiment of the invention; 
FIG. 17 is a view showing another configuration of 
the battery pack of the invention; 
FIG. 1 8 is a view showing still another configuration 
of the battery pack of the invention; and 
FIG. 1 9 is a plan view showing the way battery cells 
of a conventional battery pack are stored in a case. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] A fundamental configuration of a battery pack 
according to the present invention will first be described 
with reference to FIGS. 1 and 2. 
[0023] FIG. 1 is an exploded cutaway perspective 
view showing an arrangement of a battery pack accord- 
ing to the present invention. FIG. 2 is a plan view illus- 
trating the way a plurality of battery ceils 1 are stored in 
a case 2. The case 2 is formed of a bottomed trough in 
the shape of a substantially rectangular loop. The case 
2 has inner and outer wail portions 21 and 22 opposed 
to each other and a base portion 23 that connects the 
respective lower end portions of the wall portions 21 and 
22. The height of each wall portion of the case 2 is sub- 
stantially equal to or a little greater than the height (axial 
length) of each columnar battery cell 1 . The width of the 
base portion 23 of the case 2 is substantially equal to 
the outside diameter of each battery cell 1. The inside 
space of the bottomed trough forms a cell storage space 
in which a plurality of battery cells 1 (e.g., 12 cells) are 
arranged in a looped line such that their respective pe- 
ripheral surfaces are in contact with one another. A cen- 
tral space that is surrounded by the inner wall portion 
21 of the trough (case 2) forms a hollow 6 that vertically 
penetrates the trough. 

[0024] The battery cells 1, in which electrodes are 
wired in a regular manner, are stored in the trough (case 
2). In this state, the peripheral surface of each battery 
cell 1 is in contact with the inner or outer wall portion 21 
or 22, or preferably, with both the wall portions 21 and 
22. More specifically, each of those battery cells 1 which 
are situated individually at the four comers of the case 
(trough) 2 in the rectangular loop is in contact (at two 
points) with each corresponding two adjacent sides of 
the outer wall portion 22, as shown in FIG. 2. Each of 
the remaining battery cells 1 that are situated between 
the comer battery cells 1 is in contact (at two points) with 
the inner and outer wail portions 21 and 22. 
[0025] A top opening of the case 2 that is stored with 
the battery cells 1 or the top portion of the ceD storage 
space is closed by means of a lid 4 that has substantially 
the same shape with the top opening. The battery cells 
1 are sealed between the case 2 and the lid 4, where- 
upon a sealed battery pack is realized. Electrode leads 
of the battery pack are led out through the lid 4, for ex- 
ample. 

[0026] According to the battery pack in which the bat- 
tery cells 1 are arranged in a line in the case 2, the ceils 
1 are in contact with both the inner and outer wail por- 
tions 21 and 22. If the battery cells 1 are heated during 
use (charge and discharge), therefore, heat in each cell 
1 can be smoothly released through the inner and outer 
wall portions 21 and 22. In consequence, heat release 
from the battery cells 1 advances substantially equally, 
so that variation in the cell temperature can be re- 
strained. Since heat in each cell 1 is released through 
the inner and outer wall portions 21 and 22, moreover, 



the heat release efficiency is high enough, and a rise in 
the oell temperature can be restrained effectively. Thus, 
according to the battery pack of the Invention, the bat- 
' tery ceils 1 can be made substantially equal in charging 
0 efficiency and therefore, in cell capacity, so that the life 
performance of the battery pack can be improved. 
[0027] According to the present invention, further- 
more, the sealed battery pack ensures a dustproof ef- 
fect Even in the case where the battery pack is used as 
a power source for a power tool, therefore, metal cut- 
tings cannot get Into the battery pack on the scene of 
labor, so that short-circuiting between the battery cells 

1 can be prevented securely. Further, some other com- 
ponents can be incorporated in the battery pack by uti- 
lizing the hollow 6. 

[0028] Since the battery cells 1 in the battery pack 
generate substantial heat as they are charged, it is ad- 
visable compulsorily to introduce air into the hollow 6 to 
air-cool the inner wall portion 21 during the charge. Pref- 
erably, in this case, the inner wall portion 21 should be 
formed of a metallic material that has a high heat trans- 
fer coefficient. Even in the case where the inner wall por- 
tion 21 is formed of a resin material, its heat release ef- 
fect can be further improved if its surface is coated with 
a high-transfer paint. 

[0029] In the example described above, the case 2 
has a substantially rectangular external appearance. Al- 
ternatively, however, the battery pack may be construct- 
ed so that a plurality of battery cells 1 are stored in an 
annular case 2, as shown in FIG. 3. In this case also, a 
trough-shaped space surrounded by inner and outer 
wall portions 21 and 22 of the case 2 forms an annular 
cell storage space, and a central space surrounded by 
the inner wall portion 21 forms a hollow 6. The battery 
cells 1 are arranged in a line so that they are in contact 
with the inner and outer wall portions 21 and 22. The 
battery pack should be constructed in like manner in the 
case where the case 2 is elliptic. 
[0030] As shown in FIG. 4, moreover, an annular case 

2 may be designed so that a plurality of battery cells 1 
are arranged in a line along an inner wall portion 21 of 
the case 2 and additional battery cells 1 are arranged in 
another line along an outer wall portion 22 of the case 
2 outside the inner cells. Thus, it is necessary only that 
a plurality of battery cells 1 arranged in two annular lines 
never fail to be In contact with the inner or outer wall 
portion 21 or 22. 

[0031] In consideration of the fact that the inner wall 
portion 21 touches the external space in a smaller area 
than the outer wall portion 22, the surface of the inner 
wall portion 2 1 may be undulated so that it can be widely 
in contact with the respective peripheral portions of a 
plurality of battery cells 1 that are arranged in a loop, as 
shown in FIG. 5, for example. By doing this, the heat 
release effect of the inner wall portion 21 can be im- 
proved. The heat release effect can be freely adjusted 
by suitably designing the area of contact between the 
inner wall portion 21 and the peripheral portion of each 
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battery cell 1 . The area of contact between the outer wall 
portion 22 and the peripheral portion of each battery cell 
1 can be also adjusted by suitably shaping the surface 
of the Inner wall portion 21. 
[0032] In the example described above, moreover, 
the height of the case (trough) 2 Is substantially equal 
to that of each battery cell 1 . As shown in FIG. 6, how- 
ever, the case 2 may be made to be half as high as each 
battery cell 1 , and a battery pack may be constructed 
using a lid (trough) 4 that has the same shape as the 
case 2. After the battery ceils 1 are stored in the one 
trough (rase 2), in this case, the two troughs (case 2 
and lid 4) are butted against and bonded to each other 
to cover the cells 1. 

[003?] In the case where a base plate 7 Is expected 
to be attached to the underside of the battery pack, an 
aperture (not shown) having the same shape as the hol- 
low 6 may be formed in the central portion of the base 
plate 7. As shown in FIG. 7, however, a plurality of holes 
7a may be formed along the inside of an inner wall por- 
tion 21 of a case 2. It is to be understood, moreover, that 
a plurality of battery packs may be stacked in layers (two 
layers in FIG. 6) to form a battery pack assembly, as 
shown in FIG. 8. 

[0034] I n order to confirm the effect of the battery pack 
constructed in this manner, the inventors hereof manu- 
factured an annular battery pack A shown in FIG. 5 by 
way of trial, using twelve nickel-metal hydride secondary 
battery cells of the 4/5A size (nominal capacity: 1 ,700 
Ah) having a diameter of 17 mm and a height of 43 mm 
as battery cells 1. Polycarbonate resin was used for an 
annular case (trough) 2 that constitutes the battery pack 
A. The outside diameter of the case 2 was 88 mm, the 
diameter of a hollow 6 was 42 mm, and the respective 
thicknesses of outer and inner wall portions 22 and 21 
were 3 mm. The battery cells 1 were arranged in a line 
so that they were in contact with the inner wail portion 
21. 

[003$] For comparison, a battery pack B of a conven- 
tional construction shown in FIG. 19 was manufactured 
by way of trial, using twelve battery cells 1 of the same 
type. This battery pack B includes a box-shaped case 
of polycarbonate resin, having a wall portion thickness 
of 3 mm, length of 52.4 mm, and width of 62.5 mm. 
[0036] These battery packs A and B were rapidly 
charged with a constant current of 4.5 A at an initial tem- 
perature (ambient temperature) of 27°C for 20 minutes, 
and thereafter, supplementally charged with a constant 
current of 0.8 A for 15 minutes. Then, temperatures of 
each battery cell 1 reached on completion of the rapid 
charge and the supplementary charge were measured. 
Thereupon, the temperature of each battery cell 1 1n the 
battery pack A reached on completion of the rapid 
charge increased from the initial temperature by about 
16°C, that is, to a substantially fixed temperature of 
about 44°C. The temperature of each cell 1 reached on 
completion of the supplementary charge was at a sub- 
stantially fixed temperature of 46°C. 



[0037] In contrast with this, the temperature of each 
battery cell 1 In the battery pack B of the conventional 
construction reached on completion of the rapid charge 
increased from the initial temperature within the range 
8 of 16 to 22°C, thus undergoing a variation of 43 to 49°C. 
The temperature of each battery cell 1 reached on com- 
pletion of the supplementary charge was also subject to 
a variation of 48 to 52°C. 

[0038] On the other hand, the battery packs A and B, 
10 charged in the aforesaid manner, were rapidly dis- 
charged by continuous pulse discharge of 10 A for 30 
seconds at a time with quiescent periods of 30 seconds, 
and the temperature of each battery cell 1 reached on 
completion of the rapid discharge was measured. 
15 Thereupon, the temperature of each battery cell 1 1n the 
battery pack A reached on completion of the rapid dis- 
charge was at a substantially fixed temperature of 48°C, 
while the temperature of each battery cell 1 in the battery 
pack B reached on completion of the rapid discharge 
20 was subject to a substantial variation of 45 to 51 °C. 
[0039] Further, the battery packs A and B were 
charged with a constant current of 1 .7 A, and the com- 
pletion of charge was detected under -AV control. 
Thereafter, the cell life performance was examined by 
25 a cycle life test in which forced discharge was carried 
out art 12 A in a cycle such that the termination voltage 
was art 9.6 V (0.8 V for each battery cell). I n the -AV con- 
trol, the completion of charge was confirmed when a 
voltage drop of 120 mV (10 mV for each battery cell) 
30 from the peak of the charging voltage of the battery 
packs A and B was detected after the peak voltage was 
reached. According to this cycle life test, the cell per- 
formance of the battery pack A was ensured at 500 cy- 
cles and below, while the cell performance of the battery 
3ff pack B lowered at 350 cycles. 

[0040] According to the battery pack of the construc- 
tion of the Invention, as seen from these experimental 
results, the temperature rise of the battery cells 1 was 
able to be restricted to a level below the initial temper- 
40 ature, and the variation in the cell temperature was able 
to be restrained effectively. According to this battery 
pack, moreover, the charging efficiency of the battery 
cells 1 was high enough, and the temperature of the 
cells 1 was subject to no variation. Thus, the properties 
4* of each battery cell 1 (cell performance) can be securely 
bought out to ensure higher life performance. 
[0041] The following is a description of a specific em- 
bodiment of the battery pack according to the present 
invention. In this battery pack, twelve columnar nickel- 
so metal hydride secondary battery cells (battery cells 1) 
are connected in series with one another and stored in 
arose 2. 

[0042] FIG. 9 is an exploded perspective view show- 
ing an outline of the battery pack according to this em- 
53 bodiment. In FIG. 9, numerals 1 and 2 denote, respec- 
tively, the twelve columnar nickel-metal hydride second- 
ary battery cells for use as battery ceils and the case in 
which the cells 1 are arranged side by side. Numeral 3 
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denotes a terminal block that overlies the cells 1, and 4 
denotes a lid for dosing the top opening of the case 2. 
[0043] FIG. 10 is a plan view showing the top structure 
of the battery pack shown in FIG. 9, and FIG. 11 is a 
sid e view of the battery pack. FIG . 1 2 is a sectional view * 
taken along line A-A of FIG. 10, and FIG. 13 Is a sec- 
tional view taken along line B-B of FIG. 10. 
[0044] The case 2 is formed by injection-molding poly- 
carbonate or ABS resin, for example. The case 2 in- 
cludes inner and outer wall portions 21 and 22 that are 
formed by connecting the respective opposite end por- 
tions of a pair of parallel portions by means of curved 
portions, thereby making an oval loop. The wall portions 
21 and 22 are connected to each other by means of a 
base portion 23, thus forming a bottomed trough having 
a cell storage space in the shape of a corridor. The inside 
portion of the trough that forms the comdor-ehaped stor- 
age space, that Is, the central portion of the case 2 that 
is surrounded by the inner wall portion 21 , forms a hol- 
low 6 that penetrates the trough from top to bottom. 
[0045] The height of the Inner and outer wall portions 
21 and 22 that define the ceil storage space or the depth 
of the trough that forms the storage space is a little great- 
er than the height (length) of each columnar battery cell 
1 . The width of the base portion 23 is a little greater than 
the diameter of each battery cell 1 . The respective upper 
end portions of the wall portions 21 and 22 are inclined 
outward at an angle of about 0.5° to 5° so that the wall 
portions can be easily released from molds for injection 
molding. As the inner wall portion 21 is inclined in this 
manner, moreover, the sectional area of the hollow 6, 
which is surrounded by the inner wall portion 21 , is grad- 
ually reduced upward. Each columnar battery cell 1, 
which is of the 4/5A size, has a diameter of 17 mm and 
a height of 43 mm, for example. 
[0046] Twelve battery cells 1 are stored side by side 
in a loop in the trough-shaped cell storage space of the 
case 2 so that their respective peripheral surfaces are 
in contact with one another. More specifically, five bat- 
tery cells 1 are arranged side by side in the longitudinal 
direction in each of two rows, and one battery cell 1 is 
located at each end portion between the two rows in a 
manner such that It is somewhat outwardly eccentric. 
Thus, the battery cells 1 , twelve in total, are arranged in 
an oval loop. 

[0047] A notch 24 for a stopper 5 (mentioned later) is 
formed in each of two longitudinal sides of the outer wall 
portion 22. inside the trough-shaped cell storage space, 
four screw bosses 25 are arranged along the outer wall 
portion 22. The bosses 25 are formed by utilizing spaces 
beside the columnar battery cells 1 that are stored in the 
storage space with their respective peripheral surfaces 
in contact with one another. The bosses 25 are located 
lest they hinder the storage of the battery cells 1. The 
bosses 25 rather restrict the respective storage posi- 
tions of the ceDs 1 , thereby preventing the cells 1 from 
becoming shaky. 

[0048] A flange 26 is provided on the upper end por- 



tion of the inner wali portion 21 so as to extend outward 
from the trough-shaped cell storage space. In other 
words, the flange 26 projects toward the hollow that is 
formed in the central portion of the case 2. The flange 
26 serves to support the terminal block 3 on its top por- 
tion and support the central portion of the lid 4 from be- 
low by being fitted therein, as mentioned later. 
[0049] On the other hand, the battery ceils 1 that are 
stored In the trough-shaped cell storage space of the 
case 2 are arranged in a loop along the storage space, 
as mentioned before. The battery ceils 1 are connected 
In series by means of leads (not shown). The upper end 
portion of the looped row of the battery cells 1 is covered 
by a cover member 11 that is formed of an insulating 
material, for example, whereby the configuration of the 
row is kept stable. 

[0050] The terminal block 3 that overlies the battery 
cell row is a substantially U-shaped block of an insulat- 
ing material. A pair of electrode lead terminals 31 and 
32, positive and negative, are provided individually in 
the opposite side portions of the terminal block 3 in the 
longitudinal direction of the row of battery cells that are 
arranged in a loop. Further, three auxiliary terminals 33, 
34 and 35 are provided in a curved side portion that ex- 
tends in the crosswise direction and connects the oppo- 
site side portions. Electrode leads of a set battery that 
is composed of a plurality of series-connected battery 
cells 1 are connected to the positive and negative elec- 
trode lead terminals 31 and 32, individually. The three 
auxiliary terminals 33, 34 and 35, which are used to 
charge the battery cells 1, are connected individually to 
electrode leads of the set battery through resistors In- 
corporated in the terminal block 3 and thermistors and 
thermostats in the respective peripheral surfaces of the 
looped battery cells 1. The respective functions of the 
auxiliary terminals 33, 34 and 35 will be described later 
with reference to FIG. 14. 

[0051] The lid 4 that closes the top opening of the case 
2 is located covering the battery cell row in the case 2 
and the terminal block 3 overlying the same. The lid 4 
includes a substantially flat body portion 4 1 , adapted to 
be fitted on the respective upper end portions of the in- 
ner and outer wall portions 21 and 22 of the case 2, and 
a projection 42 formed by partially raising that region of 
the body portion 41 which faces the terminal block 3. A 
storage space for the terminal block 3 is formed on the 
back side of the projection 42. A side wail portion of the 
projection 42 is provided with five rectangular apertures 
43 (43a, 43b, 43c, 43d and 43e) through which the elec- 
trode lead terminals 31 and 32 and the three auxiliary 
terminals 33, 34 and 35 are exposed for external con- 
nection. Beside the projection 42, an aperture 44 for 
communication with the hollow of the case 2 is formed 
in the central portion of the body portion 41. Further, 
pendent waOs 45 are formed individually on two longi- 
tudinal side portions of the body portion 41. The wails 
45, in cooperation with the notches 24 in the outer wall 
portion 22 of the case 2, define substantially rectangular 
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apertures for the stoppers 5. More specifically, the pen- 
dent walls 45 are fitted individually in the respective up- 
per parts of the notches 24, thereby forming the aper- 
tures, when the lid 4 Is put on the top opening of the 
case 2. 

[0052] Screws 49 are used to fix the lid 4 to the case 
2 that stores the battery cells 1. The screws 49 are 
passed individually through holes 47 in the body portion 
41 from above the lid 4 and fitted individually into the 
respective top portions of their corresponding bosses 
25. If necessary, packing members (not shown) are in- 
terposed between the lid 4 and the respective upper end 
portions of the inner and outer wall portions 21 and 22 
of the case 2, whereby the cell storage space is hermet- 
ically closed. 

[0053] The following is a description of the stoppers 
5 that are fitted in the apertures defined between the 
notches 24 network structure the pendent walls 45. 
Each stopper 5 is composed of a push portion 51 , in the 
form of a substantially rectangular projection, and an 
arm portion 52 that extends from a side portion of the 
push portion 51. The arm portion 52 has a hook 53 on 
its distal end. As shown in FIG. 13, each stopper 5 is 
fitted into its corresponding aperture from the back side 
so that its hook 53 projects from each corresponding 
hook hole 46 in the lid 4. The stopper 5 is supported In 
a manner such that it is urged outward from the case 2 
by means of a plate spring 55 on the back side. When 
the stopper 5 is pushed by a finger or the like, it is de- 
pressed inward to cause the hook 53 to submerge in the 
hook hole 46. 

[0054] Each hook 53 can engage its corresponding 
engaging projection on an enclosure 70 of the power 
tool to which the battery pack is to be attached, thereby 
ensuring the attachment of the battery pack to the tool. 
Thus, the upper part or the lid 4 of the battery pack 
serves as a mounting portion to be attached to the lower 
part of the enclosure 70 of the power tool. The battery 
pack can be attached at a stroke to the power tool in a 
manner such that each hook 53 in engagement with the 
engaging projection is elastlcally depressed inward. In 
detaching the battery pack, each push portion 51 is 
pushed in to force the hook 53 inward. Thereupon, the 
hook 53 is disengaged from its corresponding engaging 
projection on the enclosure 70 of the power tool, so that 
the battery pack can be removed downward from the 
enclosure 70. 

[0055] On the other hand, the thermistors, resistors, 
and thermostats in the terminal block 3 serve to ensure 
the safety of the battery pack during the charge. FIG. 14 
shows an electrical configuration of the battery pack. As 
shown in FIG. 14, the battery cells 1 are connected in 
series with one another, and the positive and negative 
electrode leads on the opposite ends are connected to 
the electrode lead terminals 31 and 32, respectively. 
The battery pack is connected to a load, such as an elec- 
tric motor of the power tool, through the positive and 
negative electrode lead terminals 31 and 32. 



[0056] A thermistor 81 In the case 2 Is a temperature 
transducer that is used to determine the surface tem- 
perature of the battery celts 1 . The thermistor 61 is in- 
terposed between the auxiliary terminal (Th) 33 and the 

* electrode lead terminal 32 . While the battery pack is be- 
ing charged, the resistance value of the thermistor 81 is 
monitored to observe the temperature of the battery 
cells 1. The thermistor 81 is pasted on the peripheral 
surface of a predetermined one of the battery cells 1 . 

to [0057] A resistor 82, which is interposed between the 
auxiliary terminal (I D) 34 and the electrode lead terminal 
32, has a resistance value corresponding to the speci- 
fications of the battery pack. By determining the resist- 
ance value of the resistor 82, the number of series-con- 

15 nected battery cells 1 , their current capacity, etc. can be 
obtained as ID information. Overcharge and the like can 
be prevented by controlling the charge of the battery 
pack according to the ID information. Thus, despite the 
uniform external appearance, the battery pack some- 

20 times may vary in internal configuration, including the 
number of battery cells 1 therein. The battery pack is 
charged in optimum conditions based on electrical spec- 
ifications that are obtained from the ID information. 
[0058] Further, the auxiliary terminal 35, which can be 

25 used in place of the electrode lead terminal 32 during 
the charge of the battery pack, is charged in a manner 
such that charging current is supplied between the elec- 
trode lead terminal 31 and the auxiliary terminal 35. 
Temperature protection elements or two thermostats 83 

30 and 84 are interposed in series between the auxiliary 
terminal 35 and the negative side (electrode lead termi- 
nal 32) of the battery ceils 1 . The thermostats 83 and 64 
enable the battery pack to cut off its own charging path 
in response to the cell temperature. The thermostats 83 

35 and 64 are pasted individually on the respective periph- 
eral surfaces of those battery cells 1 which constitute 
the two curved side portions, in the direction of arrange- 
ment of the looped battery cells 1. The thermostats 83 
and 64 are actuated to cut off the charging path if the 

40 temperature of any of the looped battery cells 1 rises. 
[0059] A charger that is connected to the terminal 
block 3 and serves to charge the battery pack observes 
the charging state of the battery cells 1 (battery pack) 
through the auxiliary terminals 33, 34 and 35 as it con- 

45 trols the charging current, charging time, etc. Thus, the 
charger can efficiently charge the battery pack with sta- 
bility. In case the cell temperature rises despite the 
charge control for the battery pack, the thermostats 63 
and 64 can protect the battery cells 1 (battery pack) by 

50 cutting off the charging path of the battery pack. 

[0060] Thus, according to the battery pack construct- 
ed in this manner, the battery cells 1 are arranged side 
by side in a loop between the inner and outer wall por- 
tions 21 and 22 of the battery cell 1 in the form of a 

55 looped corridor, so that heat produced In each battery 
cell 1 can be efficiently discharged through the wall por- 
tions 21 and 22. Since the outside of the inner wall por- 
tion 21 in the central portion of the case 2 forms a hollow 
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that vertically penetrates the case 2, moreover, heat 
from the battery ceOs 1 can be discharged very effec- 
tively through the hollow. Since the sectional area of the 
hollow is gradually reduced toward the upper end, in 
particular, the moving speed of air that is introduced 
through the lower part of the hollow and ascends is high- 
er on the upper end side, so that the cooling efficiency 
can be improved. 

[0061] Since the battery cells 1 are arranged in a loop, 
furthermore, the heat release effect for the battery cells 
1, compared with battery cells of a conventional array 
configuration, can be substantially equalized. Accord- 
ingly, the temperature rise of the battery cells 1 can be 
effectively prevented to restrain variation In the cell tem- 
perature. Thus, the performance of each battery cell 1 
can be fulfilled to improve the cell performance for the 
battery pack. 

[0002] Further, the terminal block 3 overlies the bat- 
tery cell 1 that are stored in a loop in the case 2, and the 
electrode leads are led out through the terminal block 3, 
so that the electrode leads can be equalized in length. 
Each electrode lead can be shortened as the terminal 
block 3 is located over each end portion of a set battery 
that includes series-connected battery cells 1. Thus, a 
loss in resistance that is caused by the electrode leads 
can be minimized. It the electrode leads are arranged 
along the inner wall portion 21, moreover, they can be 
effectively protected against external impact or the like 
that acts on the case 2, so that the mechanical or struc- 
ture} stability of the battery pack can be fully enhanced. 
[0063] As mentioned before, moreover, the battery 
pack is provided with the auxiliary terminals 33, 34 and 
35 that are connected to one another through the ther- 
mostats 83 and 84, as well as the thermistor 81 and the 
resistor 82. Accordingly, the specifications of the battery 
pack can be identified according to the auxiliary termi- 
nals 33, 34 and 35 and the cell temperature can be ob- 
served as the charged of the battery pack is controlled. 
Thus, the battery pack can be safely charged without 
entailing an increase in the battery temperature. If the 
charge control is delayed when the cell temperature in- 
creases, either of the thermostats 83 and 84 that are 
located along the looped battery cells 1 can cut off the 
charging path in response to the ceil temperature. Thus, 
double safe measures can be taken for the charge. 
[0064] The battery pack with the aforesaid construc- 
tion is designed so that the lid 4 can be attached to the 
enclosure 70 of the power tool or the like, and the case 

2 is mounted on the enclosure 70 with the lid 4 between 
them. Therefore, the lid 4 cannot be removed from the 
case 2 unless the battery pack is disengaged from the 
enclosure 70. Thus, there is no possibility of the lid 4 
unexpectedly slipping off during the operation of the 
power tool. 

[0065] Further, the projection 42 of the lid 4, which 
projects forming the storage space for the terminal block 

3 on the back side, is attached to the enclosure 70 so 
as to be covered thereby. In its operating state, there- 



fore, the battery pack has an external appearance that 
is free from any projections. If the outer peripheral sur- 
face of the case 2 or the comer portions of the outer wait 
portion 22 and the boundaries between the outer wall 
£ portion 22 and the base portion 23, in particular, are 
curved, the battery pack can enjoy a smooth entire 
shape without regard to the presence of the projection 
42 on the Dd 4. Thus, the handleability of the battery pack 
can be improved. 

[0066] The projection 42 need not be very high only if 
it can hold the terminal block 3 on its back side and al- 
lows the electrode lead terminals 31 and 32 and the aux- 
iliary terminals 33, 34 and 35 to be exposed for externa! 
connection through its side wall surface. Accordingly, 
the height of the projection 42 of the lid 4 can be restrict- 
ed with ease, so that the entire structure can be made 
compact. Further, the resulting structure can be highly 
resistant to external impact 

[0067] The power tool furnished with the battery pack 
constructed in this manner may be designed so that a 
built-in fan is driven to cause air to flow into its motor 
through the hollow of the case by utilizing the rotatory 
force of the motor. According to this arrangement, the 
motor of the power tool can be cooled in a manner such 
that the battery pack itself is cooled by means of the 
current of air. Thus, the cooling effect can be improved. 
Since the case 2 itself has a round external shape as a 
whole, moreover, its comer portions cannot easily catch 
clothes or the like during operation using the power tool. 
Since the case 2 has no angled portions, moreover, it 
can enjoy a solid structure that is subject to only minor 
local stress concentration if it is dropped. 
[0068] If the inner and outer wall portions 21 and 22 
of the case 2 are tapered so that the case 2 widens to- 
ward its top opening, as shown in FIGS. 12 and 13, for 
example, the case 2 can be easily released from molds 
during injection molding operation. The necessary taper 
angle ranges from about 0.5° to 5°. The tapered struc- 
ture facilitates the storage of the battery cells 1 if the 
depth of the trough is equal to the height of each battery 
cell 1 . Since the respective positions of the battery cells 
1 in the trough are regulated by means of bosses 25 or 
the like, moreover, the cells 1 can be effectively re- 
strained from becoming shaky. Thus, the storage of the 
battery ceils 1 can be kept steady despite the use of the 
simple structure, and the resulting battery pack enjoys 
good strength. 

[0069] As shown in FIG. 15, electrodes of a battery 
pack may be directed toward a hollow 6. More specifi- 
cally, a pair of electrode lead terminals 31 and 32, pos- 
itive and negative, are provided on the inside of the op- 
posite side portions of a terminal block 3 in the form of 
a substantially U-shaped block, and three auxiliary ter- 
minals 33, 34 and 35 are provided in a curved inside 
portion that extends in the crosswise direction and con- 
nects the opposite side portions. The electrode lead ter- 
minals 31 and 32 and the auxiliary terminals 33, 34 and 
35 are exposed to the hollow 6 through their correspond- 
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ing apertures 43 (43a, 43b, 43c, 43d and 43e) that are 
arranged along the inner peripheral portion or the open- 
ing edge portion of a lid 4. 

[0070] With this construction in which the electrode 
lead terminals 31 and 32 and the three auxiliary termh & 
nals 33, 34 and 35 are directed inward or toward the 
hollow 6, external impact, if any, on a projection 42 of 
the lid 4 never directly Influences the terminals 31 to 35. 
Thus, the terminals 31 to 35 can be protected effectively. 
Besides, the terminals 31 to 35 face the inside of the 10 
case 2. If a metallic tool or the like touches the battery 
pack, therefore, it never comes directly into contact with 
any of the terminals 31 to 35. In other words, no foreign 
matter (tool or the like) can touch any of the terminals 
31 to 35 unless the tool or the like is intendedly inserted is 
into the hollow 6. Thus, the terminals 31 to 35 can be 
protected effectively and prevented from undergoing 
unexpected short-circuiting between them 
[0071] As shown in FIG. 16, a case 2 may be formed 
having a substantially rectangular shape. As shown in 20 
FIG. 16, moreover, the top surface of a fid 4 may be flat- 
tened so that a terminal block 3 can be located over the 
inside of a row of battery cells. In this case, it is advisable 
to form a step portion 26a on a flange 26 that projects 
from the upper end portion of an inner wall portion 21 25 
toward a hollow 6 and use the step portion 26a to sup- 
port the terminal block 3 in a position recessed from its 
top surface. 

[0072] Alternatively, a plurality of battery packs, each 
including a plurality of battery cells 1 arranged in a loop so 
in a trough-shaped cell storage space defined between 
inner and outer wall portions 21 and 22, may be stored 
side by side in a case 2 to form a large-scale (large- 
capacity) battery pack. In this case, the outer wall por- 
tion 22, which forms an outer wall of the case 2, is pro- 35 
vided with a partition wall 27 for dividing the internal 
space of the case 2, as shown in FIG. 17, for example. 
Further, the inner wall portion 2 1 , which is combined with 
the outer wall portion 22 and the partition wall 27, is lo- 
cated in each of spaces that are divided by the wall 27. *o 
Looped spaces defined by the outer wall portion 22, par- 
tition wail 27, and inner wall portions 21 are used as 
trough-shaped cell storage spaces, while central spac- 
es surrounded by the inner wall portions 21 serve as 
hollows 6a that are open from top to bottom. Thus, two *s 
looped or trough-shaped cell storage spaces are formed 
side by side in the case 2. 

[0073] Ten battery cells 1 are stored in a loop in each 
of the cell storage spaces with their respective periph- 
eral surfaces in contact with one another. Preferably, in so 
this case, the contact area should be increased in a 
manner such that the battery cells 1 are in contact with 
the inner wall portions 21, outer wall portion 22, or par- 
tition wall 27 and that the curvature of each comer of the 
outer wall portion 22 is equal to that of each battery cell & 
1. As shown in FIG. 18, moreover, the respective inner 
surfaces of the inner wall portions 21 should preferably 
be undulated so that they can be widely in plane contact 
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with the respective outer peripheral surfaces of the bat- 
tery cells 1 . Preferably, furthermore, the partition wall 27 
should be designed so that two partition wall plates 27a, 
for example, are arranged with a given gap 27b between 
them such that heat transfer can be prevented between 
the battery ceils 1 that adjoin one another across the 
partition wall 27. 

[0074] With this arrangement, even those battery 
cells 1 which are arranged in the central portion of the 
case 2 at a distance from the outer wall portion 22 never 
fail to come into contact with one of the two inner wail 
portions 21, and heat can be released through the hol- 
lows 6a that are surrounded by the inner wall portions 
21. Thus, the temperature of the cells 1 can be effec- 
tively restrained from rising. Even in the case where a 
large number of battery cells 1 are stored in the one case 
2, this arrangement can effectively restrain the temper- 
ature rise of the cells 1 without increasing the external 
dimensions of the case 2. Since the partition wall 27 sup- 
ports the outer wall portion 22 from the inside, moreover, 
it also serves to enhance the mechanical strength of the 
case 2. 

[0075] In the examples shown in FIGS. 17 and 16, the 
internal space of the case 2 is divided in two by using 
the partition wall 27. Alternatively, however, the internal 
space of the case 2 may be divided In four by means of 
two partition walls 27 that cross each other. In this case, 
the inner wall portion 21 is formed to define a looped cell 
storage space for each divisional spaoe. Further, a plu- 
rality of cases 2 of this construction may be vertically 
stacked in layers with their respective hollows 6 in align- 
ment so that a battery pack with a larger capacity can 
be obtained. The battery pack of this capacity can be 
utilized as a backup power source for various electronic 
apparatuses. 

[0076] The present invention is not limited to the em- 
bodiments described above. For example, the type and 
number of battery ceils 1 to be stored in the case 2 
should only be settled depending on the necessary 
specifications of the battery pack. It is to be understood, 
moreover, that a battery pack with an increased current 
capacity may be obtained by suitably connecting a plu- 
rality of battery cells 1 in parallel with one another. Fur- 
ther, more temperature protection elements (thermo- 
stats) may be arranged along looped battery ceils 1 . The 
number of loops formed in the case is not particularly 
limited either. Furthermore, various changes and modi- 
fications may be effected in the invention by one skilled 
in the art without departing from the scope of the inven- 
tion. 

[0077] Where technical features mentioned in any 
claim are followed by reference signs, those reference 
signs have been included for the sole purpose of in- 
creasing the intelligibility of the claims and accordingly, 
such reference signs do not have any limiting effect on 
the scope of each element identified by way of example 
by such reference signs. 



17 



EP 1 035 599 B1 



18 



Claims 

1. A battery pack having a plurality of battery cells 1 
stored In a case 2, 

said case Including a bottomed trough and a * 
lid 4, the trough having a space as a cell storage 
portion defined between inner wad portions 21 and 
outer wall portions 22 paired to form a loop and a 
central space as a hollow 6 surrounded by the inner 
wall portion and penetrating the trough from top to " 
bottom, the lid 4 closing a top opening of the cell 
storage portion. 

2. The battery pack according to claim 1 , wherein said 
trough is designed so that pillar-shaped battery '& 
cells 1 stored in the cell storage portion are ar- 
ranged side by side in a loop with the respective 
outerperlpheral surfaces thereof in contact with one 
another. 

20 

3. The battery pack according to claim 1 or 2, wherein 
each said battery cell 1 is a nickel-metal hydride 
secondary battery ceil. 

4. The battery pack according to claim 1 , which further 25 
comprises a terminal block 3 overlying the battery 
cells 1 stored in the cell storage portion of the trough 
and having electrode leads 31 to 35 of the group of 
battery cells 1 led out therefrom, and wherein said 

lid 4 has apertures 43a to 43e in those regions so 
thereof which face the electrode leads, through 
which the electrode leads are exposed for external 
connection. 

5. The battery pack according to claim 4, wherein said 36 
terminal block 3 has electrode leads 31 to 35 in a 
region opposite the hollow 6, and said apertures 
43a to 43e through which the electrode leads are 
exposed for external connection are arranged along 
the inner peripheral portion of the lid opposite the *o 
hollow. 

6. The battery pack according to claim 4 or 5, wherein 
said terminal block 3 is provided with a pair of elec- 
trode lead terminals 31 and 32, positive and nega- 46 
tive, connected individually to the electrode leads 

of the cell group and one or a plurality of auxiliary 
terminals 33,34 and 35 for the cell group. 

7. The battery pack according to claim 6, wherein said so 
auxiliary terminals 33,34 and 35 are used when the 
cell group is charged and include a charging termi- 
nal 35 connected in series with the cell group 
through temperature protection elements 63 and 64 

for cutting off a charging path for the ceil group in 
response to the temperature of the cells, a temper- 
ature detection terminal 33 connected to a temper- 
ature transducer for detecting the cell temperature, 



and a cell type identification terminal 34 connected 
to a resistor 82 having a resistance value corre- 
sponding to the specifications of the celts. 

8. The battery pack according to claim 7, wherein said 
temperature protection elements 83 and 84 are pro- 
vided individually in a plurality of spots in the direc- 
tion of arrangement of the battery cells 1 stored in 
a loop in the cell storage portion of the trough and 
are interposed in series between the cell group and 
the charging terminal 35. 

9. The battery pack according to claim 1 , wherein the 
inner wail 21 portion of said trough is inclined out- 
ward from the base portion thereof to the top open- 
ing, whereby the sectional area of the top opening 
of the hollow 6 surrounded by the inner wall portion 
is reduced. 

1 0. The battery pack according to claim 9, wherein said 
inner wall 21 portion is inclined at an angle of 0.5° 
to 5° to the vertical direction. 

1 1 . The battery pack according to claim 1 , wherein the 
inner wall portions 21 and outer wall portions 22 of 
said trough are as high as the pillar-shaped battery 
cells. 

12. The battery pack according to claim 1, wherein a 
plurality of said inner wall portions 21 are formed 
defining a plurality of looped cell storage portions 
between the inner wall portions 21 and outer wall 
portions 22 and individually defining hollows 6 sur- 
rounded thereby. 

13. A power tool fitted with the battery pack according 
to any one of claims 1 toll asapowersource there- 
of. 

14. The power tool according to claim 13, which com- 
prises a motor rotatable by means of the battery 
pack as the power source and a mechanism for cir- 
culating air in the hollow surrounded by the inner 
wall portion of the trough by utilizing the rotation of 
the motor. 



Patantansprtlche 

1. Ein Batteriepaket, das eine Vielzahl von Batterle- 
zeilen 1 besitzt, die In einem Gehiuse 2 aufbewahrt 
warden, 

wobei das Gehause eine mit einem Boden 
versehene Wanne und einen Deckel 4 einschliefit, 
wobei die Wanne einen Raum als einen Zellenauf- 
bewahrungsbereich besitzt, der zwischen Innen- 
wandteilen 21 und AuBenwandteilen 22 bestimmt 
1st die paarweise angeordnet sind, urn eine Schlei- 
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fe und einen Zentralraum als einen Hohlraum 6 zu 
bilden, der vom Innenwandteil umgeben ist und der 
die Wanne von oban nach unten durchdringt, wobei 
der Deckel 4 eine obere Affnung dee Zellenaufbe- 
wahrung8berelch8 abschliefit. « 

2. Das Batteriepaket gemaB Anspruch 1, worin die 
Wanne derart ausgestaltet ist, dass Im Zellenaufbe- 
wahrungabereich aufbewahrte saulenformlge Bat- 
teriezeilen 1 Seite an Seite in einer Schleife ange- to 
ordnet sind f wobei (hre jeweiligen periphenen Au- 
6enfl3chen in Kontakt miteinander befindlich sind. 

3. Das Batteriepaket gemafi Anspruch 1 Oder 2, worin 
jede der Batteriezellen 1 eine Sekundarbatteriezel- 
le 8us Nickel-Metellhydrid ist. 

4. Das Batteriepaket gemafi Anspruch 1, das ferner 
einen Anschiussblock 3 umfasst, der uber den im 
Zellenaufbewahrungsbereich der Wanne aufbe- 20 
wahrten Batteriezellen 1 liegt, und Elektrodenzulei- 
tungen 31 bis 35 der Gruppe von Batteriezellen 1 
besitzt, die daraus ausgeleitet werden, und worin 
der Deckel 4 in jenen Bereichen Offnungen 43a bis 
43e besitzt, die den Elektrodenzuleitungen davon 25 
zugewandt sind, durch welche die Elektrodenzulei- 
tungen fur einen Au&enanschluss ausgesetzt sind. 

5. Das Batteriepaket gemafi Anspruch 4, worin der 
Anschiussblock 3 in einem zum Hohlraum 6 gegen- 30 
uberliegendem Bereich Elektrodenzuleitungen 31 

bis 35 besitzt, und wobei die Offnungen 43a bis43e, 
dunch welche die Elektrodenzuleitungen fur einen 
AuBenanschluss ausgesetzt sind, entlang des in- 
neren peripheren Teils des Deckels gegenQber- 35 
Oberliegend zum Hohlraum angeordnet sind. 

6- Das Batteriepaket gemafi Anspruch 4 oder 5, worin 
der Anschiussblock 3 mrt einem Paar von positrven 
und negativen Elektrodenzuleitungsanschlussen 40 
31 und 32 berertgestellt wind, die einzeln mit den 
Elektrodenzuleitungen der Zellengruppe und einem 
oder einer Vielzahi von Zusatzanschlussen 33, 34 
und 35 fur die Zellengruppe verbunden sind. 

45 

7. Das Batteriepaket gemafi Anspruch 6, worin die Zu- 
satzanschlQsse 33, 34 und 35 verwendet warden, 
wenn die Zellengruppe aufjgeladen wird, und fbl- 
gendes einschliefit: einen Aufladeanschluss 35, 
der in Serie an die Zellengruppe Qber Temperatur- so 
schutzelemente 83 und 84 zum Unterbrachen eines 
Aufladewegs fur die Zellengruppe als Antwort auf 
die Zellentemperatur angeschlossen ist einen 
Tempera turerfassungsanschluss 33, der an einen 
Tempe raturgeber zum Erfassen der Zellentempera- ss 
tur angeschlossen ist, und einen Anschluss 34 zur 
Identifizierung desZellentypus, der an einen Wider- 
stand 82 angeschlossen ist, der einen den techni- 



schen Daten der Zellen entsprechenden Wider- 
standswert besitzt 

8. Das Batteriepaket gemafi Anspruch 7, worin die 
Temperaturschutzelemente 83 und 84 in einer Viel- 
zahi von Steilen In der Anordn un gsrichtu ng der Bat- 
teriezellen 1 einzeln bereitgestellt werden, die in ei- 
ner Schleife im Zellenaufbewahrungsbereich der 
Wanne aufbewahrt werden, und zwischen der Zel- 
lengruppe und dem Aufladeanschluss 35 in Serie 
zwischengeschaltet sind. 

9. Das Batteriepaket gemafi Anspruch 1 , worin der In- 
nenwandteil 21 der Wanne abgehend von dessen 
Bodenteil zur oberen Offnung geneigt ist, wobei die 
Querschnittsflache der oberen Offnung des vom In- 
nenwandteil umgebenen Hohlraums 6 verkleinert 
wird. 

1 0. Das Batteriepaket gemafi Anspruch 9, worin der In- 
nenwandteil 21 bei einem Winkel von 0,5° bis 5° 
zur vertikalen Richtung geneigt ist 

1 1 . Das Batteriepaket gemaB Anspruch 1 , worin die In- 
nenwandteile 21 und AuBenwandteile 22 der Wan- 
ne so hoch sind wle die saulenformigen Batteriezel- 
len. 

12. Das Batteriepaket gemafi Anspruch 1, worin eine 
Vielzahi der Innenwandteile 21 so gestaitet ist, dass 
sie eine Vielzahi von schleifenfdrmigen Zellenauf- 
bewahrungsbereichen zwischen den Innenwand- 
teilen 21 und Aufienwandteiien 22 bestimmen und 
einzeln davon umgebene Hohlraume 6 bestimmen. 

1 3. Eln angetriebenes Gerat, das mit einem Batteriepa- 
ket nach irgendeinem der Anspruche 1 bis 11 als 
dessen Stromquelle ausgestattet ist 

14. Das angetriebene 'Gerat gemafi Anspruch 13, das 
einen Motor, der mit Hilfe vom Batteriepaket als die 
Stromquelle drehbar ist, und unter Verwendung der 
Drehung des Motors einen Mechanismus zum Zir- 
kulieren von Luft in dem Hohlraum umfasst, die vom 
Innenwandteil der Wanne umgeben ist 



Revendlcatlons 

1 . Batterie d'accumulateurs ayant une plurality d'6l6- 
ments (1) de batterie logds dans un bottler (2), 

ledit boTtier comportant une cuve pourvue 
cTun fond et un couvercle (4), la cuve ayant un es- 
pace servant de partie de logement d*6l6ments d6- 
finie entre des parties formant parois interieunes 
(21) et des parties formant parois exterieures (22) 
appari6es pour former une boude et un espace 
central constituant une cavrte (6) entounS par la par- 
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tie formant parol interieure at penetrant de haut en 
bas dans la cuve f le couvercie (4) fermant une 
ouverture sommitale de la partie de logement <f ele- 
ments. 

2. Batterie d'accumulateurs selon la revendication 1, 
dans laquelle ladite cuve est con^ue de fagon que 
les elements d'accumulateurs (1) en forme de co- 
lonnes loges dans la partie de logement d'eiements 
soient disposes cote a cote en boucle, les surfaces 
periphdriques exterleures respectives de ceux-ci 
Stent au contact les unes des autres. 

3. Batterie d'accumulateurs selon la revendication 1 
ou 2, dans laquelle chaque dit element (1) de bat- 
terie est un accumulates de batterie nickei-hydrure 
de metal. 

4. Batterie d'accumulateurs selon la revendication 1, 
oomprenant en outre un bloc de connexion (3) situe 
eu-dessus des Elements (1) de batterie loges dans 
la partie de logement d'eiements de la cuve et du- 
quel sortent des conducteurs (31 k 35) d'eiedrodes 
du groupe demerits (1) de batterie, et dans la- 
quelle (edit couvercie (4) comport e des ouvertures 
(43a k 43e) dans les zones de ceux-ci en regard 
des conducteurs d'eiectrodes, ouvertures par les- 
quelles les conducteurs d'eiectrodes sont acceasi- 
bles pour une connexion de I'exterieur. 

5. Batterie d'accumulateurs selon la revendication 4, 
dans laquelle ledit bloc de connexion (3) comporte 
des conducteurs (31 a 35) d'eiedrodes dans une 
zone opposee a la cavite (6), et lesdites ouvertures 
(43a k 43e) par rintermediaire desquelles ies con- 
ducteurs d'eiectrodes sont accessibles pour une 
connexion de rexterieur sont disposes le long de 
la partie pdriphgrique interieure du couvercie oppo- 
see a la cavite. 

6. Batterie d'accumulateurs selon la revendication 4 
ou 5, dans laquelle ledit bloc de connexion (3) est 
pourvu d'une paire de bornes (31 et 32), positive et 
negative, de conducteurs cf electrodes, connect6es 
Individueilement aux connecteurs d'eiectrodes du 
groupe d'eiements et d'une ou de plusieurs bomes 
auxiliaires (33, 34 et 35) pour le groupe cfelements. 

7. Batterie d'accumulateurs selon la revendication 6, 
dans laquelle lesdites bomes auxiliaires (33, 34 et 
35) sont utilisees lorsque le groupe elements est 
charge et comprennent une borne de charge (35) 
en s6rie avec le groupe dements par I'interme- 
diaire d'eiements de protection thermique (83 et 64) 
pour couper un trajet de change pour le groupe 
d'eiements en reponse a la temperature des ele- 
ments, une borne (33) de detection de temperature 
connects k un capteur de temperature pour deteo- 
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ter la temperature des elements, et une borne (34) 
dTdentrfi cation de type (ferment connectde k une 
resistance (82) dont la valeur de resistance corres- 
pond aux caractenstiques des elements. 

5 

8. Batterie (f accumulateurs selon la revendication 7, 
dans laquelle lesdits elements de protection thermi- 
que (83 et 84) sont places indMdueflement en plu- 
sieurs endroits dans la direction de disposition des 
10 elements (1) de batterie loges en boucle dans la 
partie de logement d'eiements de la cuve et sont 
intercales en s6rie enrtre le groupe creiements et la 
borne de charge (35). 

15 9. Batterie d'accumulateurs selon la revendication 1, 
dans laquelle la partie formant parol interieure (21) 
de ladite cuve est include vers I'exterieur depuis la 
base de celle-ci vers Couverture sommitale, grftce 
a quoi la section transversale de I'ouverture som- 
20 mitale de la cavite (6) entouree par la partie formant 
parol interieure est reduite. 

10. Batterie d'accumulateurs selon la revendication 9, 
dans laquelle ladite partie formant parol interieure 

*5 (21) est inclin6e suivant un angle de 0,5° a 5° par 
rapport k la direction verticale. 

11. Batterie d'accumulateurs selon la revendication 1, 
dans laquelle les parties formant parois interieures 

30 (21) et les parties formant parois exterleures (22) 
de ladite cuve ont la meme hauteur que les ele- 
ments de batterie en forme de colon nes. 

12. Batterie d'accumulateurs selon la revendication 1, 
35 dans laquelle une plurality desdites parties formant 

parois interieures (21) sont Ibmnees en definissant 
une pluralite de parties de logements d'elements en 
boucle entre les parties formant parois interieures 
(21) et les parties formant parois exterleures (22) et 
*o definissant individueilement des cavites (8) entou- 
rees par ceiles-ci. 

13. Outil eiedrique 6quipe de la batterie d'accumula- 
teurs seion rune quelconque des revendications 1 

45 k 11, servant de source (Talimentati on eiedrique de 
celui-ci. 

14. Outil eiedrique selon la revendication 13, compre- 
nant un moteur pouvant tourner k raide de la bat- 
terie d'accumulateurs servant de source d'alimen- 
tation eiedrique et un mecanisme pour faire drculer 
de Pair dans la cavite entouree par la partie formant 
parol interieure de la cuve en utilisant la rotation du 
moteur. 
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FIG. 3 
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FIG. 5 
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FIG. 9 
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FIG. 11 
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FIG. 14 



T 



■7^ 

.83 



81 
82 




84 



31 
33 
34 
35 



32 




EP103SS99B1 



FIG. 15 
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